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STATE  OF  NZW  YORK 

Department  op  Agriculture 

Albany,  January  15,  1912 

To  tlie  Honorable  the  Legislature  oj  the  Stale  of  New  York : 

In  accordance  with  tlio  provisions  of  the  statutes  relating  thereto, 
I  have  the  honor  to  transmit  herewith  the  Twenty-fourth  Annual 
Report  of  the  New  York  State  College  of  A:;rxulture  at  Cornell 
University,  as  a  part  of  the  Nineteenth  Annual  Report  of  the  Com- 
missioner of  Agriculture. 

R.  A.  PEARSON, 

Commissioner  of  Agriculture, 
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JOHN  LEMUEL  STONE,  B.Agr.,  Professor  of  Farm  Practice. 
JAMES  EDWARD  RICE,  B.S.A.,  Professor  of  Poultry  Husbandry. 
BENJAMIN    MINGE    DUGGAR,    M.S.,  -Ph.D.,    Professor    of    Plant 
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GEORGE  WALTER  CAVANAUGH,  B.S.,  Professor  of  Chemistry  in 

its  Relations  with  Agriculture. 
GEORGE  NIEMAN  LAUMAN.  B.S.A..  Professor  of  Rural  Economy. 
HERBERT     HICE    WHETZEL,    A.B.,     M.A.,     Professor     of    Plant 

Pathology. 
ELMER  OTTERBEIN  PIPPIN,  B.S.A.,  Professor  of  Soil  Technology. 
GEORGE  FREDERICK  WARREN,  Ph.D.,  Professor  of  Farm  Man- 
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WILLIAM    ALONZO    STOCKING,   Jr.,    M.S.A.,   Professor   of   Dairy 

Industry. 
CHARLES  SCOON  WILSON,  A.B..  M.S.A.,  Professor  of  Pomology. 
CHARLES   HENRY  TUCK.   A.B.,   Professor  of  Extension  Teaching. 
ALBERT  RUSSELL  MANN,  B.S.A.,  Secretary  to  the  College  of  Agriculture, 

Registrar,  and  Professor  of  Agricultural  Editing. 
WILFORD    MURRAY    WILSON,    M.D.,    Professor    of    Meteorology 

(detailed  by  Weather  Bureau.  United  States  Department  of  Agriculture). 
WALTER  MULFORD.  B.S.A.,  F.E.,  Professor  of  Forestry. 
ALEXANDER  DYER  MacGILLIVRAY.  Ph.D.,  Assistant  Professor  of 

Entomology  and  Invertebrate  Zoology. 
WILLIAM  ALBERT  RILEY,  Ph.D..  Assistant  Professor  of  Entomology. 
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nology and  General  Biology. 
MERRITT  WESLEY  HARPER,  M.S.,  Assistant  Professor  of  Animal 

Husbandry. 
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WILLIAM  CHARLES  BAKER.  B.S.A.,  Assistant  Professor  of  Drawinp. 

^  Assistant  Professor  of  Dairy  Industry. 
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CLARENCE    ARTHUR    ROGERS.    M.S.A.,    Assistant    Professor    of 
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Crops. 
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HOWARD  WAIT  RILEY,  M.E.,  Assistant  Professor  of  Farm 
Mechanics. 

CYRUS  RICHARD  CROSBY,  A.B.,  Assistant  Professor  of  Entomologi- 
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the  Experiment  Station. 

LOWELL  BYRNS  JUDSON,  A.B.,  B.S.,  Investigator  in  FloricuUnrc. 

CHARLES  CLEVELAND  HEDGES,  A.B.,  Instructor  in  Agricultural 
Chemistry. 

LEWIS  KNUDSON,  B.S.A.,  Instructor  in  Plant  Physiology. 

EDWARD  RUSSEL  MINNS,  B.S.A.,  Instructor  in  Farm  Practice  and 
Assistant  Superintendent  of  the   University   Farms. 

GEORGE  WALTER  TAILBY,  Jr.,  B.S.A.,  Superintendent  of  Live- 
stock. 

LEWIS  JOSEPHUS  CROSS,  B.A.,  Instructor  in  Agricultural  Chemistry. 

,   Instructor  in   Rural   Art. 

EDW^ARD  SEWALL  GUTHRIE,  M.S.  in  Agr.,  Instructor  and  Inves- 
tigator in  Dairy  Industry. 

KENNETH  CARTER  LIVERMORE,  B.S.A.,  Instructor  and  Inves- 
tigator in  Farm  Management. 

PAUL  WORK,  A.B.,  B.S.,  Instructor  and  Investigator  in  Olericulture. 

MARTIN   EDWARD   EVANS,   B.S.,   Instructor  in   Farm  Mechanics. 

RALPH   HICKS  WHEELER,  Instructor  in  Extension  Teaching. 

ROY  DAVID  ANTHONY,  B.S.    in  Agr.,  Instructor  in  Pomology. 

LEE  BRIGGS  COOK,  B.S.A.,  Instructor  in  Dairy  Industry. 

Other  Officers  of  Instruction  and  Administration 

ALICE   GERTRUDE  McCLOSKEY,  A.B.,  Lecturer  in   Nature-Study. 
MARTHA  VAX   RENSSELAER,  A.B..  Lecturer  in  Home  Economics. 
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HUGH  CHARLES  TROY,  B.S.A.,  Assistant  in  Dairy  Laboratory. 
WALTER  WAGER  HALL,  Assistant  in  Cheese  Making. 
WEBSTER  EVERETT  GRIFFITH,  Assistant  in  Butter  Making. 
HARVEY  LYON  AYRES,  Superintendent  of  Dairy  Manufactures. 
CHARLES  HERBERT  VAN  AUKEN,  Assistant  in  Animal  Husbandry. 
ADA  EIJIVA  GEORGIA.  Assistant  in  Nature-Study. 
CLARA   NIXON,  .Assistant  in   Poultry  Husbandry. 
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MORTIER  FRANKLIN  BARRUS.  A.B.,  Assistant  in  Plant  Pathology. 
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WALTER  STANLEY  LYON.  Assistant  in  Poultry  Husbandry. 
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EXPERIMENTING  STAFF 

LIBERTY  H.  BAILEY,  Director. 

ALBERT  R.  MANN,  Secretary. 

JOHN  HENRY  COMSTOCK,  Entomology. 

HENRY  H.   WING,  Animal  husbandry. 

JOHN   CRAIG,   Horticulture. 

T-   LYTTLETON   LYON,  Soil  Technology. 

HERBERT  J.   WEBBER,  Plant- Breeding 

BENJAMIN    M.   DUGGAR,   Plant  Physiology. 

JOHN  L.  STONE,  Farm  Practice. 

JAMES   E.   RICE,  Poultry   Husbandry. 

GEORGE  W.  CAVANAlfGH,  Chemistry. 

ELMER  O.  FIPPIN,  Soil  Technology. 

WILLIAM    A.    STOCKING,  J».,   Dairy   Industry. 

HERBERT  H.  WHETZEL,  Plant  Pathology. 

G.  F.  WARREN,  Farm  Management  and  Farm  Crops. 

CHARLES  S.    WILSON,   Pomology. 

GLENN  W.  HERRICK,  Entomology. 

HOWARD  W.  RILEY,  Farm  Mechanics. 

MERRITT  W.  HARPER,  Animal  Husbandry. 

JAMES  A.  BIZZELL,  Soil  Technology. 

CYRUS  R.  CROSBY,  Entomology. 

Sa^t?^t^^»?tAvS^£^^S,  Poultry  Husbandry. 

PAUL  J.  WHITE.  Farm  Crops. 

DONALD  REDDICK,  Plant  Pathology. 

HAROLD  E.  ROSS,  Dairy  Industry. 

HARRY  H.  LOVE,  Plant-Breeding. 

ARTHUR  W.  GILBERT,  PI  ant- Breeding. 

ELMER  S.  SAVAGE.  Animal  Husbandry. 

E.    S.    GUTHRIE,    Dairy  Industry. 

KDWARD  R.   MINNS,  Farm  Practice. 

PAUL  WORK,  Horticulture. 

LEWIS   KNUDSON.   Plant  Physiology. 

K.  C.  LIVERMORE,  Farm   Management. 

LEE  B.  COOK,  Dairy  Industry. 

G.  WALTER  TAILBY.  Jr..  Animal  Husbandry. 

HARVEY  L.  AYRES,  Dairy  Industry. 

CLARA   NIXON,   Poultry  Husbandry. 

MORTIMER  F.  BARRUS,  Plant  Pathology. 

LOIS  W.  WING,  Dairy  Industry. 

EMMONS  W.  LELAND,  Soil  Technology. 

CHARLES  T.   GREGORY.   Plant  Pathology. 

ALVIN  C.   BEAL.  Floriculture. 

WALTER  W.   FISK.  Dairy   Industry. 
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•  November  29,  1911 

The  Governor  of  the  State  of  New  York, 

Albany,  N.  Y. 
The  Secretary  of  the  Treasury, 

Washington,  D.  C. 
The  Secretary  of  Agriculture, 

Washington,  D.  C. 
The  Commissioner  of  Agriculture, 

Albany,  N.  Y.      ' 

The  Act  of  Congress,  approved  March  2,  1887,  establishing 
Agricultural  Experiment  Stations  in  connection  with  the  Land 
Grant  Colleges,  contains  the  following  provision :  "  It  shall  be  the 
duty  of  each  of  said  stations,  annually,  on  or  before  the  first  day  of 
February,  to  make  to  the  Governor  of  the  State  or  Territory  in 
which  it  is  located,  a  full  and  detailed  report  of  its  operations,  in- 
cluding a  statement  of  receipts  and  expenditures,  a  copy  of  which 
report  shall  be  sent  to  each  of  said  stations,  to  the  said  Commissioner 
of  Agriculture,  and  to  the  Secretary  of  the  Treasury  of  the  United 
States." 

And  the  Act  of  the  Legislature  of  the  State  of  New  York, 
approved  April  12,  1906,  providing  for  the  administration  of  the 
New  York  State  College  of  Agriculture  at  Cornell  University  con- 
tains the  following  provision :  "  The  said  University  shall  expend 
such  moneys  and  use  such  property  of  the  State  in  administering 
said  College  of  Agriculture  as  aibove  provided,  and  shall  report  to 
the  Commissioner  of  Agriculture  in  each  year  on  or  before  the  first 
day  of  December,  a  detailed  statement  of  such  expenditures  and 
of  the  general  operations  of  the  said  College  of  Agriculture  for  the 
year  ending  the  thirtieth  day  of  September  then  next  preceding." 

In  conformity  with  these  mandates  I  have  the  honor  to  submit 
on  behalf  of  Cornell  University  the  following  report : 

The  increase  in  the  number  of  students  registered  was  greater 
than  in  any  previous  year  in  the  history  of  the  college.  In  1904 
when  the  College  was  made  a  State  institution  there  were  296  stu- 
dents enrolled.  This  number  had  grown  to  655  in  1907-08,  when 
the  new  buildings  provided  by  the  State  were  first  ready  for  occu- 
pancy.   These  students  were  well  accommodated,  but  the  next  year 
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the  registration  reached  840,  atul  the  laboratories  and  classrooms 
were  taxed  to  the  utmost.  In  Kjaj-io  the  rc^i^istration  was  never- 
theless increased  to  968,  and  in  1910- 11,  with  an  unprecedented 
growth  in  enrollment,  the  total  number  of  students  reached  1,323, 
an  increase  of  355  over  the  previous  year.  "  The  numlwr  of  stu- 
dents in  the  New  York  State  Colk\2:e  of  Aj^riculture,'*  says  Dean 
Bailey,  in  his  report,  **  probably  now  exceeds  the  number,  of  similar 
grade,  in  any  other  American  agricultural  college." 

It  will  be  seen  from  these  figures  that  a  large  increase  in  the 
material  facilities  of  the  College  is  absolutely  necessary.  Steps  in 
this  direction  have  already  been  taken  by  the  Legislature  in  appro- 
priating $452,000  for  new  buildings.  Of  these  the  building  for  the 
Department  of  Home  Economics,  another  for  the  Department  of 
Poultry  Husbandry,  and  the  new  barn  are  now  under  course  of  con- 
struction. Plans  for  the  first  section  of  a  central  heating  plant  are 
under  way,  and  plans  for  the  new  auditorium  and  classrcxim  build- 
ing are  practically  complete,  so  that  contracts  for  the  construction 
of  both  these  buildings  may  soon  be  awarded. 

These  new  bui'ldings  can,  however,  afford  only  partial  and  inad- 
equate relief  for  the  congestion  now  affecting  all  departments. 
Two  of  the  new  buildings  make  i)r()visi()n  for  the  immediate  needs 
of  the  departments  of  Poultry  Husbandry  Vmd  Home  Economics, 
but  the  transference  of  these  departments  from  the  cramped  quar- 
ters they  now  occupy  in  the  attics  of  existing  buildings  cannot  be 
expected  to  afford  much  relief  to  other  departments  of  the  College. 
The  space  in  the  attic  of  the  dairy'  building  vacated  by  the  Poultry 
Department  will  be  needed  at  once  by  the  Dairy  Department,  and 
the  attic  now  used  by  the  Home  Economics  Department  will  be 
needed  for  the  expansion  of  the  adjoining  Department  of  Ento- 
mology. There  will  be  no  abatement  of  the  overcrowding  in  the 
departments  of  Animal  Husbandry,  Plant-Breeding,  Earm  Mechan- 
ics, etc.,  which  indeed  is  bound  to  become  still  more  acute  w^th 
increasing  numbers  of  students.  The  Auditorium  building,  with  its 
classrooms  and  lalx)ratories,  will  take  care  of  much  of  the  winter- 
course  work  and  in  that  way  wnll  afford  some  relief  to  the  regular 
classrooms  and  laboratories.  But  if  the  College  is  to  meet  the 
demands  that  are  made  upon  it,  if  new  departments  now  needed  are 
to  be  established,  there  must  be  still  further  increases  in  material 
facilities  as  well  as  in  the  size  of  the  staff.  The  needs  of  the  College 
have  been  clearly  set  forth  by  Director  Bailey  in  successive  annual 
reports.    It  is  earnestly  to  be  hoped  that  the  urgent  plea  he  makes 
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for  further  relief  will  awaken  a  sympathetic  response  in  the  mind 
of  the  Legislature. 

To  this  report  there  are  appended,  beside  the  financial  statement 
required  by  the  law,  the  report  of  Director  Bailey;  the  reports  of 
the  heads  of  all  departments  of  the  College;  the  series  of  Agricul- 
tural Experiment  Station  Bulletins  for  the  year,  Nos.  284  to  303, 
inclusive;  Experiment  Station  Circulars  8  to  11,  inclusive;  the  Cor- 
nell Rural  School  Leaflet,  Vol.  IV,  Nos.  2  to  5,  inclusive,  and  Vol.  V, 
No.  I ;  and  the  Home  Nature-Study  Course  leaflets,  New  Series, 
Vol.  VII,  Nos.  I  to  4,  inclusive.  All  this  material  forms  an  integral 
part  of  this  report  and  to  it  your  attention  is  respectfully  directed. 

The  reports  of  the  departments  are  an  impressive  exhibit  of  the 
work  and  needs  of  the  College.  Though  more  than  thirteen  hun- 
dred students  are  receiving  instruction,  department  after  department 
has  been  compelled,  through  lack  of  facilities,  to  refuse  admission 
to  applicants.  Officers  of  the  College  estimate  that  its  extension 
activities  are  already  reaching  about  300,000  persons  in  the  State 
of  New  York,  and  the  $50,000  voted  by  the  last  Legislature  for  the 
purpose  will  enable  reorganization  and  further  expansion  of  the 
work.  In  addition  to  these  absorbing  activities  a  large  number  of 
members  of  the  staff  are  also  engaged  in  the  work  of  research  and 
investigation.  During  the  past  year  a  number  of  scientific  discov- 
eries and  practical  applications  have  been  made  which  cannot  fail 
to  increa.se  the  productivity  of  the  farms  and  enhance  the  wealth 
of  the  people  of  tlie  State.  The  following  is  a  brief  summary  of 
the  work  of  the  twenty-one  departments  of  the  College,  described  in 
each  case  under  three  headings:  (a)  instruction  to  students;  (b) 
investigation  and  research;  (c)  extension  work  among  the  farmers 
of  the  State. 

I.     Department  of  Farm  Management  and  Farm  Crops 

(a)  Instruction  was  given  during  the  year  to  294  undergrad- 
uates and  18  graduate  students. 

^b)  Beside  the  research  work  in  connection  with  the  agricul- 
tural survey,  descrilx?d  below  as  one  of  the  extension  activities, 
experiments  have  l)een  continued  on  corn  and  pastures. 

(c)  The  agricultural  survey  of  Tompkins  county  was  completed 
and  the  results  published  in  bulletins  295  and  302.  The  survey  of 
Livingston  county  was  nearly  completed  and  work  was  begun  in 
Jefferson  county.  The  survey  has  determined  some  fundamental 
principles  of  profitable  and  scientific  farm  organization  and  man- 
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agement  in  New  York  State.  The  most  profitable  farms  have  been 
found  to  be  large  farms,  with  more  than  the  average  amount  of 
capital  invested,  not  too  highly  specialized  but  producing  from  two 
to  four  leading  and  many  minor  products  of  a  better  than  average 
quality.  Cost  accounting  has  been  instituted  on  farms,  lectures 
have  been  given,  and  extensive  correspondence  carried  on. 

II.    Department  of  Farm  Practice 

(a)  Instruction  was  given  to  68  regular  and  234  winter-course 
students.    New  courses  were  given  in  farm  structures. 

(b)  Investigations  were  carried  on  relating  to  the  durability  of 
wire  fence  material,  the  durability  of  fabric  roofing  material,  the 
efficiency  of  different  forms  of  lime  in  alfalfa  growing,  the  effects 
of  different  forms  of  preservatives  on  woods  used  in  construction, 
the  adaptability  of  different  varieties  of  corn  for  silage,  etc. 

(c)  Cooperative  experiments,  teaching  in  extension  schools, 
addresses,  and  correspondence  made  up  the  extension  work. 

III.    Department  of  Plant-Breeding 

(a)  Instruction  was  given  to  155  undergraduates  (compared 
with  92  last  year)  and  to  29  graduate  students  (19  last  year). 

(b)  Extensive  and  important  investigations  were  continued  in 
the  sfudy  of  fundamental  laws  of  plant-breeding,  as,  for  example, 
the  laws  of  variation,  of  mutation,  of  inheritance,  and  especially  the 
Mendelian  theory,  of  the  cumulative  action  of  selection  through 
many  generations,  etc.  But  it  is  in  the  application  of  these  funda- 
mental laws  of  breeding  to  the  production  of  new  commercial  vari- 
eties of  plants  that  the  department  is  obtaining  its  most  striking 
results.  Seventeen  new  and  higher-yielding  varieties  of  timothy  have 
been  created,  four  of  the  highest-yielding  varieties  producing  per 
acre  nearly  double  the  crop  produced  by  ordinary  commercial  vari- 
eties. These  new  varieties  will  be  distributed  through  the  State 
so  that  farmers  may  actually  grow  two  blades  of  grass  where  but 
one  grew  before.  Varieties  of  corn  have  been  produced  that  will 
come  to  maturity  under  New  York  conditions  at  least  two  months 
earlier  than  varieties  now  in  the  market ;  and  seed  of  these  varieties 
also  will  be  placed  with  growers  of  the  State  for  propagation. 
Tests  conducted  during  the  last  five  years  show  seven  hybrid  vari- 
eties of  oats  which  give  a  uniformly  greater  yield  than  selected 
standard  varieties.     Tests  on  wheat  show  certain  selected   strains 
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that  yield  a  larger  crop  than  the  ordinary  strains.  Investigations 
such  as  these,  which  result  in  increased  production  on  our  farms, 
more  and  better  foods,  and  greater  wealth,  demonstrate  conclusively 
the  wisdom  of  large  expenditures  for  their  continuation  and 
expansion. 

(c)  Exhibits  illustrating  plant-breeding  experiments  described 
above,  and  lectures  and  demonstrations  were  given  in  various  parts 
of  the  State.  An  important  part  of  the  extension  work  during  the 
coming  year  will  be  the  introduction  through  the  State  of  the  new 
varieties  of  timothy,  corn,  oats,  and  wheat. 

IV.    Department  of  Plant  Physiology 

(a)  Lack  of  room  compelled  limitation  of  registration  and  the 
turning  away  of  many  applicants.  Instruction  was  given  during 
the  first  term  to  128  students,  of  whom  25  were  engaged  in  research ; 
in  the  second  term  there  were  registered  99  students,  of  whom  27 
were  engaged  in  research. 

(b)  Studies  of  the  injurious  action  of  certain  mineral  nutrients 
when  used  singly  and  of  the  best  combinations  of  nutrients  to  pre- 
vent injurious  action  have  led  to  conclusions  of  practical  interest. 
For  example,  the  injurious  effect  of  manganese  —  the  suppression 
of  chlorophyll  development  and  the  reduction  of  tops  —  is  best 
neutralized  or  offset  by  the  use  of  lime  compounds.  A  study  of  the 
ripening  of  green  tomatoes  has  demonstrated  that  thorough  ven- 
tilation and  a  temperature  of  about  25**  C.  are  the  important  factors 
in  rapid  ripening.  Other  investigations  have  been  made  in  the  fix- 
ation of  nitrogen  by  fungi,  the  growth  of  the  larch,  the  fermentation 
of  tannic  acid,  gummosis  of  peach  and  other  plants,  the  propagation 
of  certain  bacteria  in  legume  nodules,  the  causes  and  prevention  of 
peach  yellows,  etc. 

(c)  Extension  work  has  been  madnly  in  the  form  of  corre- 
spondence. However,  the  primary  purpose  of  the  study  which  has 
been  begun  in  the  life  history  of  the  bacteria  of  leguminous  nodules 
and  the  methods  of  cultivating  and  distributing  these  organisms,  is 
to  assist  growers  in  the  difficult  problem  of  inoculation  of  the  soil 
for  legumes. 

V.     Department  of  Plant  Pathology 

(a)  Lack  of  space  made  necessary  the  turning  away  of  approxi- 
mately 40  students  who  desired  instruction.  Instruction  was  given 
to  169  students,  of  whom  43  were  in  the  winter-course.  New 
courses  are  needed  whenever  room  is  available  for  them. 
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(b)  A  large  amount  of  research  work  was  conducted  by  holders 
of  eight  industrial  fellowships  as  well  as  by  regular  members  of  the 
staff.  Cooperation  with  growers  and  commercial  concerns  who 
supply  the  funds  for  the  establishment  of  industrial  fellowships  con- 
tinues to  be  a  very  effective  means  of  securing  results  of  much 
interest  and  value  from  the  standpoints  both  of  science  and  of  busi- 
ness. Bulletins  288,  289,  and  290  set  forth  the  results  of  investi- 
gations into  lime-sulfur  as  a  fungicide,  and  the  almost  universal 
substitution  of  lime-sulfur  for  bordeaux  mixture  in  orchard  spray- 
ing throughout  the  State  is  largely  due,  it  is  believed,  to  the  experi- 
ments and  results  there  described.  Bulletins  293  and  296  contain 
the  results  of  studies  of  black  rot  in  grapes  and  of  methods  for  its 
control.  Investigations  have  been  conducted  into  the  causes  and 
means  of  control  of  diseases  of  fruit  and  fruit  trees,  of  chestnut 
trees,  of  truck  crops,  of  gladioli,  and  of  beans,  hops,  and  ginseng; 
in  several  cases  the  results  are  nearly  ready  for  publication. 

(c)  The  conduct  of  investigations  at  twelve  field  laboratories; 
a  three  days'  school  at  Scott  in  ginseng  diseases;  instruction  and 
practice  work  at  the  annual  meeting  of  the  New  York  State  Ginseng 
Growers'  Association  at  the  College;  teaching  at  the  extension 
school  conducted  by  the  College  at  Riverhead,  L.  I.;  demonstrations, 
exhibits,  and  lectures  at  46  meetings  in  eleven  different  counties  of 
the  State ;  and  the  sending  out  of  nearly  4,000  letters  and  many  cir- 
cular letters,  were  all  a  part  of  the  extension  work. 

VI.     Department  of  Soil  Technology 

(a)  The  total  number  of  credit  hours  of  instruction  given  was 
970,  an  increase  of  54  per  cent  over  last  year.  Ten  students  did 
advanced  work. 

(b)  Among  subjects  investigated  during  the  year  were  the  in- 
fluence of  soil  moisture  and  temperature  on  the  availability  and 
utilization  of  plant  nutrients  in  the  soil ;  the  conditions  under  which 
lime  is  removed  from  the  soil,  and  the  changes  accompanying  such 
removal;  the  chemical  composition  and  physical  properties  of  the 
more  important  types  of  soil  in  the  State ;  the  influence  of  calcium 
and  of  ground  limestone  on  the  productiveness  of  certain  loam  and 
clay  soils ;  the  fertilizer  needs  and  lime  requirements  of  certain 
muck  soils,  etc.  Among  conclusions  definitely  reached  were  the 
following :  The  growth  of  alfalfa  increases  the  nitrifying  power  of 
a  soil  over  that  of  a  soil  growing  timothy;  several  hundred  per 
cent  more  calqium  is  lost  from  soil  growing  no  crop  than  from  soil 
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on  which  a  crop  is  grown;  top  dressing  an  old  stand  of  alfalfa  with 
one  of  several  kinds  of  fertilizers  increases  the  amount  of  the  crop, 
the  most  profitable  treatment  being  the  use  of  lOO  pounds  of  super- 
phosphates per  acre,  etc.  When  a  longer  period  of  years  has  given 
opportunity  for  the  checking  of  certain  results  and  conclusions,  as 
well  as  for  the  discovery  of  new  facts  and  laws,  it  will  be  possible 
to  bring  about  more  scientific  rotation  of  crops  and  fertilization  of 
the  soil  than  under  present  conditions  and  existing  knowledge. 
Further  studies  have  confirmed  the  principle  announced  last  year 
that  the  growth  of  a  legume  with  a  non-legume  gives  the  latter  a 
greater  protein  content,  and  therefore  more  food  value,  than  when 
it  is  grown  alone;  this  principle  and  its  practical  applications  are 
explained  in  Bulletin  294,  "A  Heretofore  Unnoted  Benefit  from  the 
Growth  of  Legumes." 

(c)  The  extension  activities  of  the  year  were  the  writing  of  over 
2,000  letters;  the  sending  out  of  over  1,500  circular  letters;  the  con- 
tinuation of  the  soil  survey  on  1,250  square  miles  in  Monroe  and  Jef- 
ferson counties  (thirty-four  types  of  soil  having  been  found)  ;  the 
holding  of  the  second  annual  State  Drainage  Convention  at  the  Col- 
lege; assistance  to  farmers  and  the  State  Department  of  Agricul- 
ture in  planning  drainage  systems;  and  lectures  and  exhibits, 

VII.     Department  of  Horticulture 

(a)  The  principal  bar  to  expansion  in  the  courses  offered  is  the 
lack  of  greenhouse  space  and  equipment.  In  the  winter-courses, 
especially,  many  applications  for  admission  had  to  be  denied. 

(b)  Studies  in  cooperation  with  the  American  Peony  Society, 
the  National  Sweet  Pea  Society,  and  the  American  Gladiolus  So- 
ciety have  been  continued.  Bulletin  301  contains  a  preliminary  re- 
port on  the  sweet  pea  studies.  Experiments  in  vegetable  culture 
were  conducted  with  muck  crops,  radishes,  squash,  tomatoes,  etc. 
Bulletin  292  is  a  study  of  cauliflower  and  brussels  sprouts  as  grown 
on  Long  Island. 

(c)  Extension  activities  comprised  cooperative  work  in  vege- 
table culture;  the  organization  of  a  State  association  of  vegetable 
growers  which  held  its  first  meeting  at  the  College  during  Farmers' 
Week :  and  addresses  at  meetings  of  associations  of  gardeners,  vege- 
table growers  and  florists;  as  well  as  of  civic  improvement 
organizations. 
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VIII.  Department  of  Pomology 

(a)  Instruction  was  given  to  over  250  students. 

(b)  Bulletin  298  aims  to  give  eastern  apple  growers,  who  have, 
hitherto  packed  apples  in  barrels  only,  information  regarding  west- 
ern methods  of  box  packing  and  its  advantages.  Results  of  the 
orchard  survey  of  Monroe  county  and  of  the  bush  fruit  survey  of 
western  New  York  are  now  ready  for  publication.  Experimen<ts 
have  been  made  in  the  control  of  raspberry  anthracnose  and  the 
testing  of  various  stocks  of  common  fruits,  and  fifteen  acres  of  the 
department's  fifty-acre  farm  have  been  planted. 

(c)  Box-packing  schools  in  Rochester  and  Syracuse  and  at  the 
College;  lectures  at  nearly  twenty-five  meetings  throughout  the 
State;  and  the  annual  fruit  exhibit  at  the  College,  were  forms  of 
extension  work. 

IX.  Department  of  Entomology 

(a)  Lack  of  room  has  made  it  necessary  to  turn  many  students 
away.  In  the  introductory  course  in  general  biology  416  students 
were  registered,  but  nearly  100  were  refused  admission. 

(b)  The  "  Spider  Book,"  a  manual  of  the  Arachnida  of  North 
America,  which  has  been  ten  years  in  preparation,  has  been  com- 
pleted and  is  now  in  press.  Bulletins  286,  291,  and  300  are  studies 
of  the  snow-white  linden  moth,  the  red  bugs  of  the  apple,  and  the  cab- 
bage aphis.  Circular  No.  8  is  on  the  elm  leaf -beetle.  Studies  have 
been  made  in  the  life-histories  and  methods  of  control  of  the  timothy 
joint-worm,  the  plum  leaf-miner,  the  fruit-tree  leaf-roller,  the  elm 
leaf-miner,  the  larch  case-bearer,  the  apple  maggot,  the  codling  moth, 
onion  thrips,  and  the  Mallophaga  infesting  domestic  fowls.  Other 
studies  included  the  spraying  of  elm  trees,  the  gathering  of  illustra- 
tive material  for  the  course  on  animal  parasites,  and  the  biology  of 
may  flies,  caddice  flies,  water  beetles  and  crane  flies. 

(c)  Correspondence  regarding  insect  pests,  exhibits  of  injurious 
insects,  cooperative  experiments,  and  lectures  comprised  the  exten- 
sion activities. 

X.    Department  of  Dairy  Industry 

(a)  Instruction  was  given  to  438  undergraduates  (last  year 
there  were  298),  20  graduate  students  (12  last  year),  and  165  win- 
ter-course students  (151  last  year).  A  week's  course  in  creamery 
management  was  taken  by  15  managers,  and  50  students  received 
instruction  in  the  summer  school. 

(b)  The  work  of  investigation  and  experiment  included  the 
regular  testing  of  244  cows;  the  inspection  of  the  milk-supply  of 
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Ithaca;  a  study  of  the  ff^ctors  influencing  variation  in  percentage 
of  fat  in  cream  from  separators;  experiments  to  determine  the 
causes  and  means  of  prevention  of  the  metallic  flavor  sometimes 
found  in  butter;  a  study  of  factors  influencing  the  accuracy  of  the 
Babcock  test;  studies  in  the  relation  of  solids  not  fat  to  the  fat  in 
milk;  and  experiments  to  determine  the  least  expensive  and  most 
satisfactory  methods  of  cooling  milk.  Bulletin  303  describes  the 
importance  and  methods  of  determining  the  ceil  content  of  milk. 

(c)  Extension  work  included  the  cow-testing  and  milk  inspec- 
tion mentioned  above;  free  scoring  of  dairy  products  sent  to  the 
College  for  that  purpose;  the  publication  and  distribution  of  two 
circulars,  Nos.  10  and  11,  entitled  "Propagation  of  Starter  for 
Butter-making  and  Qneese-making "  and  "  Helps  for  the  Dairy 
Butter-maker ; "  the  writing  of  several  thousand  letters  and  of 
articles  for  the  agricultural  press ;  and  addresses  and  exhibits. 

XL     Department  of  Animal  Husbandry 

(a)  Instruction  was  given  to  515  students  (compared  with  285 
last  year). 

(b)  Investigations  were  made  to  determine  standard  food 
rations  for  dairy  cattle  and  the  causes  of  apoplexy  in  lambs  that 
are  being  fattened.  Bulletin  285  embodies  preliminary  results  in 
the  latter  study,  and  will  soon  be  supplemented  by  another  bulletin 
on  the  same  subject. 

(c)  Supervision  of  the  records  of  cows  for  the  benefit  of  breed- 
ers of  pure-bred  cattle  and  the  regular  inspection  of  herds  has 
reached  such  large  proportions  as  to  require  for  about  six  months 
in  the  year  the  services  of  more  than  60  field  superintendents  in 
different  parts  of  the  State.  During  the  year  ending  May  15,  191 1, 
the  records  of  1,923  pure-bred  Holstein  cows,  belonging  to  about 
200  different  owners,  were  supervised  continuously  for  periods  of 
from  seven  to  ninety  days.  Monthly  two-day  inspections  were  made 
for  nearly  400  cows  belonging  to  more  than  40  owners.  Laborious 
though  tWs  work  is,  it  has  resulted  in  a  great  increase  and  improve- 
ment in  the  production  of  pure-bred  cattle  in  the  State. 

XIL    Department  of  Poultry  Husbandry 

(a)  Instruction  was  given  to  133  regular  students  and  108  win- 
ter-course students,  but  many  were  turned  away  for  lack  of  room. 
New  courses  are  needed  as  soon  as  room  is  available. 

(b)  Over  twenty  pieces  of  investigation  have  been  carried  on 
relating  to  the  breeding  of  fowls;  the  influence  of  environment; 
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the  effect  of  different  methods  of  feeding;  methods  of  increasing 
egg  production;  methods  of  preserving  eggs;  diseases  of  poultry, 
etc.    Bulletin  284  is  on  Labor-saving  Poultry  Appliances, 

(c)  Extension  activities  comprise  tlie  sending  out  of  nearly 
10,000  letters;  the  preparation  of  20  lessons  for  the  Rural  School 
Leaflets;  62  visits  U.  farms,  79  addresses  and  lectures,  and  23  ex- 
hibits; the  beginning  of  a  poultry  survey  and  also  of  a  study  of 
marketing  problems  of  the  State ;  preparations  for  the  establishment 
at  the  College  of  a  jKJultry  breed-testing  station  and  the  coopera- 
tive keeping  of  records  throughout  the  State,  etc. 

XIII.     Department  of  Farm  Mechanics 

(a)  Instruction  was  given  to  393  students,  of  whom  100  were 
in  the  winter-course. 

(b)  Traction  spraying  machines  have  ])een  thoroughly  tested; 
and  data  upon  the  question  of  farm  sewage  disposal  have  been 
prepared  for  publication. 

XIV.  Ih'partmcnt  of  Chemistry 

(a)  Through  the  completion  of  the  new  addition  to  the  Morse 
Hall  of  Chemistry,  the  University  building  in  which  the  depart- 
ment of  agricultural  chemistry  is  housed,  the  department  now  has 
much  better  facilities  for  instruction. 

(b)  In  cooperation  with  the  Department  of  Poultry  Husbandry 
a  study  has  been  begun  into  the  relation  of  the  chemical  composition 
of  hens'  eggs  to  the  vitality  of  the  young  chicks. 

(c)  At  the  recjuest  of  other  departments  of  the  College  and  of 
farmers  of  the  State  a  total  of  905  chemical  analyses  have  been 
made  (nearly  double  the  number  made  last  year).  Correspondence 
and  attendance  at  extension  meetings  has  been  continuued. 

XV.  Department  of  Rural  Art 

(a)  The  work  of  the  department  is  carried  on  mainly  in  the 
drafting  rooms  of  the  College  of  Architecture  of  the  University. 
Training  is  afforded  for  a  limited  numl)er  of  professional  landscape 
designers,  but  the  department  is  more  especially  concerned  to  lead 
as  many  students  as  possible  to  a  keener  appreciation  of  the  beau- 
tiful in  nature  and  in  country  life  and  to  a  desire  for  the  improvement 
of  the  architecture  and  design  of  rural  buildings  and  of  groups  of 
such  buildings  in  rural  communities  and  towns. 
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(c)  Lectures,  correspondence,  and  the  giving  of  advice  in  the 
planning  of  rural  improvements  made  up  the  extension  activities. 

XVI.     Department  of  Drawing 
(a)     Instruction  was  given  to  130  students  (compared  with  89 
last  year).     The  department  prepared  illustrative  matter  for  the 
bulletins  of  the  College  as  well  as  diagrams  and  charts  used  by  some 
of  the  departments  in  their  extension  work. 

XVII.    Department  of  Rural  Economy 

(a)  A  new  course  was  given  in  the  conservation  of  natural 
resources. 

(b)  Studies  have  been  made  in  the  crop  production  of  the 
United  States  and  the  problem  of  cooperation  in  the  State. 

(c)  Correspondence  and  lectures  on  social  and  economic  prob- 
lems connected  with  agriculture  comprised  the  extension  work. 

XVIII.  Department  of  Home  Economics 

(a)  Instruction  was  given  to  92  students  in  regular  courses,  28 
in  winter-courses,  and  45  in  summer-courses.  New  courses  were 
offered  in  house  furnishing  and  decoration,  house  planning,  and 
sewing. 

(b)  An  endeavor  has  been  made  to  determine  the  needs  of 
various  industries  for  women  trained  in  home  economics.  Studies 
have  been  conducted  to  determine  the  best  kinds  of  equipment, 
flooring,  etc.,  for  home  economic  lal)oratories  and  public  institutions. 

(c)  Clubs  of  farm  women  have  been  organized  for  the  study 
and  discussion  of  the  bulletins  issued  by  the  department.  At  the 
end  of  the  year  there  were  46  such  clubs,  before  which  83  addresses 
had  been  made  by  members  of  the  department.  In  the  reading- 
course  there  were  registered  17,436  persons.  The  annual  House- 
keepers' Conference  was  held  at  the  College  during  Farmers'  Week 
and  several  hundred  women  were  in  attendance. 

XIX.  Department  of  Extension  Teaching 
(a)     Instruction  was  given  to  89  students. 

(c)  Through  Farmers'  Week,  extension  lectures  by  members  of 
all  departments,  exhibits  at  fairs,  cooperative  experiments,  field 
demonstrations,  the  distribution  of  circulars,  bulletins,  etc.,  the  Col- 
lege has  carried  instruction  direct  to  about  300,000  persons.  The 
mailing  lists  of  the  College  contain  nearly  160,000  names ;  lectures 
were  given  before  nearly  25,000  persons ;  and  exhibits  at  fairs  were 
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seen,  it  is  estimated,  by  nearly  150,000  persons.     This  single  de- 
partment sent  out  13,244  letters,  exclusive  of  circulars. 

XX.     Department  of  Rural  School  Education 

(c)  The  work  has  been  conducted  mainly  by  means  of  the  Cor- 
nell Rural  School  Leaflet,  which  placed  in  the  hands  of  over  70,000 
teachers  and  pupils  in  rural  schools  materials  for  classroom  work  in 
nature-study  and  agriculture.  The  lessons  in  the  leaflet  for  the 
year  followed  the  syllabus  issued  by  the  State  Education  Depart- 
ment. The  September  number  of  this  year's  leaflet,  which  is  in- 
cluded in  this  report,  was  placed  in  the  hands  of  about  20,000  teach- 
ers in  the  State.  During  the  year  at  least  three  issues  of  the  leaflet 
will  be  published  and  distributed  to  approximately  75,000  school 
children  in  the  rural  districts  or  in  communities  of  less  than  3,000 
inhabitants. 

XXI.    Home  Nature-Study  Course 

(a)  Instruction  was  given  to  20  students  in  regular  courses, 
and  to  6  winter-course  students  and  60  summer  school  students. 

(c)  Four  numbers  of  the  Home  Nature- Study  Course,  contain- 
ing thirty  lessons  upon  subjects  relating  to  gardening,  were  issued 
and  distributed  to  about  3,300  teachers  and  500  libraries.  Instruc- 
tion in  nature-study  was  given  the  training  class  of  the  Ithaca  High 
School. 

The  College  of  Agriculture  stands  upon  its  record.  Its  instruc- 
tion of  students,  its  investigations  and  the  practical  results  achieved, 
and  its  extension  work  among  the  farmers  of  the  State  furnish 
ample  justification  of  the  expenditures  that  have  been  made  upon  it. 
But  the  College  is  only  at  the  beginning  of  its  work.  Every  year 
the  demands  upon  its  resources,  already  severely  taxed,  increase. 
More  buildings,  more  men,  larger  funds  are  necessary  if  the  College 
is  to  minister  adequately  to  the  agricultural  needs  of  the  people. 
Every  dollar  invested  by  the  State  in  the  College  yields  large  and 
manifold  returns  to  the  people.  It  is  therefore  our  earnest  hope 
and  expectation  that  the  Legislature  and  the  State,  which  are 
already  committed  to  the  support  of  the  College,  will  now  make 
generous  provision  for  the  expansion  of  its  work  to  satisfy  the 
growing  needs  of  our  farming  population. 
Respectfully  submitted, 

JACOB  GOULD  SCHURMAN, 

President  of  Cornell  Unwersity,  1 
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REPORT  OF  THE  DIRECTOR  OF  THE  NEW  YORK 
STATE  COLLEGE  OF  AGRICULTURE  FOR  THE 
YEAR  ENDING  SEPTEMBER  30,  191 1 


To  the  President  of  the  University: 

Sir. —  The  College  of  Agriculture  has  made  substantial  progress 
in  the  year  1910-11.  There  have  been  additions  to  the  staff.  The 
number  of  students  has  increased.  The  farms  are  improved  and 
the  work  of  the  College  is  solidifying.  The  number  of  courses  now 
given  in  the  College  of  Agriculture  in  agricultural  subjects  is  231, 
of  which  183  are  for  regular  and  special  students  and  48  for  winter- 
course  students.  This,  of  course,  does  not  include  the  subjects  in  the 
fundaimental  arts  and  sciences  that  are  given  our  students  outside 
the  College  of  Agriculture. 

NUMBER   OF  STUDENTS 

The  number  of  students  in  the  New  York  State  College  of  Agri- 
culture probably  now  exceeds  the  number,  of  similar  grade,  in  any 
other  American  agricultural  college.  The  registration  is  as  follows, 
being  an  increase  of  355  registrants  over  last  year : 

REGISTRATION    IN    THE    NEW    YORK    STATE   COLLEGE   OF   AGRICULTURE 
FOR  THE  YEAR    I9IO-II 

Graduate  Students 80 

Regular  Students: 

Seniors 79 

Juniors 136 

Sophomores 162 

Freshmen 220  597 

Special  Students 169 

Winter-Course  Students : 

General  Agriculture 234 

Dairy  Industry 107 

Poultry  Husbandry 57 

Horticulture 48 

Home  Economics 31           477 

Total 1,323 

[xxiii] 
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FOREIGN    STUDENTS 


The  reputation  of  an  institution  is  measured  to  a  considerable  ex- 
tent by  the  number  of  students  drawn  from  foreign  countries ;  and 
the  reputation  in  turn  is  continued  on  the  character  of  work  that  the 
institution  performs.  In  the  college  year  1910-11  there  were  48 
undergraduate  students  registered  in  the  College  of  Agriculture 
from  foreign  countries,  together  with  i  in  the  winter-course;  and 
7  foreign  students  entered  the  Graduate  School  for  work  in  agri- 
culture.   The  catalogue  is  as  follows : 

NUMBER  OF  FOREIGN  STUDENTS  IN  THE  NEW  YORK  STATE  COLLEGE  OF 
AGRICULTURE,  AND  THE  COUNTRIES  FROM  WHICH  THEY  ARE 
REGISTERED 

Graduate  Students: 

Canada i 

China 2 

Hawaii i 

Japan i 

Paraguay I 

Sweden i          7 

Regular  and  Special  Students : 

Argentina i 

Canada 4 

Chili I 

China 12 

Costa  Rica i 

Cuba I 

Denmark 2 

Ecuador i 

Finland i 

France  i 

Germany i 

Hawaii 3 

Japan i 

Mexico •. 2 

Nicaragua i 

Paraguay i 

Peru I 

Philippine  Islands 3 
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Porto  Rico  .  .  . , I 

Russia 3 

Scotland i 

South  Africa 3 

Turkey 2        48 

Winter-Course  Students : 

Switzerland I 


Total 56 

CONGESTION   IN  THE  COLLEGE  OV  AGRICULTURE 

Notwithstanding  the  large  staff  and  the  great  extent  of  floor 
space,  the  College  of  Agriculture  is  now  very  much  congested  in  all 
its  work.  A  part  of  this  congestion  is  due  to  the  fact  that  about 
half  the  energies  of  the  College  are  expended  in  other  work  than  the 
teaching  of  regular  and  special  students.  This  work  comprises  cor- 
respondence and  extension  of  many  kinds.  All  departments  dealing 
with  agricultural  subjects  are  also  engaged  in  experimental  work  and 
research,  and  much  of  the  time  of  the  staff  is  required  in  this  en- 
deavor. The  extension  and  Experiment  Station  work  not  only  re- 
quire the  time  of  the  members  of  the  staff  but  also  consume  much 
room  in  the  buildings  of  the  College  of  Agriculture.  These  are  types 
of  work  that  do  not  crowd  so  much  in  the  other  colleges  in  the  Uni- 
versity, and  they  account  in  great  part  for  the  difficulty  that  the 
College  of  Agriculture  has  in  meeting  its  situation. 

The  great  increase  of  students  not  only  raises  the  question  of  the 
proper  handling  of  these  students  themselves,  but  every  increase 
tends  to  lessen  the  efficiency  of  the  extension  work  and  the  experi- 
mental work ;  and  these  pieces  of  work  are  essential  to  an  effective 
organization  in  a  college  of  agriculture. 

The  College  of  Agriculture  is  rapidly  assuming  a  defensive  atti- 
tude. It  is  not  necessary  to  project  new  lines  of  work  in  order  to 
maintain  its  organization.  It  is  merely  trying  as  best  it  can  to  keep 
up  with  the  spontaneous  demands  of  the  pcoi)Ie  of  the  State.  Even 
with  all  our  efforts  wc  cannot  meet  all  the  demands  that  ought  to 
be  met. 

There  has  been  great  increase  in  the  numl>er  of  entrants  in  the  last 
two  years.  These  students  are  now  completing  the  fundamental  arts 
and  science  work  and  are  coming  into  the  courses  in  the  buildings 
of  the  College  of  Agriculture.    This  next  year  we  shall  begin  to  feel 
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the  congestion  more  than  ever  before,  even  though  the  entrants 
should  not  be  greatly  increased  in  the  entering  class. 

Every  department  in  the  College  feels  the  pressure  for  hejp  and 
for  space.  With  double  the  instructing  staff,  we  could  accommodate 
perhaps  25  per  cent  more  students  in  the  present  buildings  and  at 
the  same  time  do  the  work  better,  for  we  should  then  be  able  to  uti- 
lize classrooms  and  laboratories  more  continuously.  The  completion 
of  the  Poultry  Building  and  the  Home  Economics  Building  will 
not  greatly  relieve  the  congestion  except  in  those  departments ;  these 
buildings  will  chiefly  provide  opportunities  for  those  departments  to 
grow.  In  the  present  agricultural  buildings,  the  Poultry  Department 
occupies  one  office  and  one  attic  room,  both  in  the  Dairy  Building. 
These  rooms  will  be  needed  at  once  by  the  Dairy  Department  as  soon 
as  the  poultry  work  moves  out.  The  small  space  occupied  by  the 
Home  Economics  Department  on  the  top  floor  of  the  Main  Building 
will  be  needed  for  the  expansion  of  work  in  entomology  and  related 
lines. 

The  completion  of  the  Auditorium  will  provide  additional  facilities 
rather  than  relieve  congestion.  However,  it  is  anticipated  that  the 
basement  of  that  building  will  take  care  of  much  of  the  winter-course 
work,  and  in  that  way  will  afford  a  very  great  relief  in  the  regular 
classrooms  and  laboratories. 

The  principal  necessity,  however,  is  greatly  to  enlarge  the  staff, 
to  enable  us  not  only  to  use  the  laboratories  and  classrooms  of  the 
present  buildings  more  effectively  but  also  to  assure  that  we  give  our 
students  better  attention  and  be  able  to  meet  the  rapidly  growing  de- 
mands of  the  people  of  the  State  for  work  on  the  farms  and  in  the 
localities. 

THE  UNITS  IN  A  COLLEGE  OF  AGRICULTURE 

Although  the  New  York  State  College  of  Agriculture  is  now 
highly  developed  as  measured  by  previous  standards,  it  is  neverthe- 
less far  short  of  comprising  the  units  that  are  properly  a  part  of  an 
institution  that  is  to  be  capable  of  meeting  the  rural  situation.  Of 
course,  it  is  first  necessary  to  increase  the  scope  and  effectiveness 
of  every  department  that  is  now  organized  in  the  College  of  Agri- 
culture ;  but  as  rapidly  as  means  can  be  provided,  other  units  must 
be  added  to  the  institution. 

One  of  the  most  important  of  these  new  units  has  been  added 
this  past  year  by  the  establishment  of  a  Department  of  Forestry  and 
the  election  of  Professor  Walter  Mulford  of  the  University  of 
Michigan  to  the  headship  of  the  work.     A  college  of  agriculture 
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really  cannot  meet  its  situation  unless  it  is  able  to  handle  the  forest 
crop  as  strongly  as  other  crops.  About  27  per  cent  of  New  York 
State  is  still  in  woodland.  This  comprises  not  only  a  large  agricul- 
tural crop  (a  good  part  of  it  being  on  actual  farms),  but  the  forest 
cover  has  great  relation  to  stream  flow,  to  protection  of  game,  to 
the  amelioration  of  winds,  and  to  other  forms  of  the  public  welfare. 
It  will  be  as  impossible  for  one  professor  to  handle  a  department  of 
forestry  effectively  as  for  one  professor  to  handle  animal  husbandry 
or  farm  crops  or  soils.  We  shall  now  expect  to  see  the  Department 
of  Forestry  grow  into  a  large  and  influential  unit  in  the  College  of 
Agriculture.  We  are  looking  forward  to  the  work  of  Professor 
Mulford,  who  has  had  a  most  useful  and  successful  career,  with 
the  greatest  anticipation. 

It  is  now  of  the  first  importance  that  we  establish  a  normal  de- 
partment in  the  College  of  Agriculture,  in  order  to  reach  the  situa- 
tion in  the  teaching  of  agriculture  and  country-life  subjects  of  the 
State.  The  College  of  Agriculture  already  has  been  authorized  by 
the  Board  of  Trustees  to  establish  such  a  department,  and  we  hope 
that  it  may  be  organized  for  the  coming  college  year.  We  already 
have  much  that  we  can  contribute  to  such  an  education  department, 
particularly  in  the  way  of  extension  work.  The  activities  of  Mrs 
Comstock  and  Miss  McCloskey  are  devoted  entirely  to  these  lines, 
and  their  work  will  naturally  form  the  extension  side  of  the  new 
department.  There  are  other  items  in  the  College  which  also  may 
be  contributed  to  the  Department  of  Rural  Education.  We  desire 
to  contribute  this  Department  of  Rural  Education  as  one  of  the  in- 
tegral parts  of  the  School  of  Education  in  Cornell  UnWersity.  As 
a  beginning  in  a  new  line  of  work  touching  rural  education,  the 
College  of  Agriculture  is  now  organizing  a  Summer  School  for 
teachers  in  agriculture  and  country-life  subjects,  this  School  to  run 
parallel  with  the  Summer  Session  of  the  University.  This  School  in 
the  future  will  undoubtedly  be  organized  as  a  part  of  the  Depart- 
ment of  Rural  Education. 

There  is  much  need  that  our  departments  of  Farm  Crops  and 
Farm  Management  shall  now  be  separated.  The  unit  of  farm  man- 
agement is  one  of  the  most  recent  introductions  in  the  colleges  of 
agriculture.  It  does  not  have  to  do  necessarily  with  the  management 
of  a  college  farm,  but  rather  with  a  study  of  the  business  principles 
that  apply  to  farming  in  general.  I  anticipate  that  the  next  great 
new  development  in  the  college  of  agriculture  will  be  along  this 
line,  which  is  the  application  of  business  principles  to  agriculture 
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as  effectively  as  business  principles  have  been  applied  in  manufac- 
turing and  engineering. 

We  need  also  to  divide  our  Department  of  Farm.  Mechanics,  sepa- 
rating from  it  a  Department  of  Rural  Engineering,  which  shall  com- 
prise farm  surveying,  construction  of  roads,  irrigation,  drainage, 
the  building  of  bridges  and  culverts,  and  other  engineering  work- 
projected  on  the  land.  Such  a  department  ought  to  have  very  close 
relation  with  the  development  of  good  roads,  for  the  extension  of 
the  good  roads  movement  dejx^nds  uix)n  the  intelligence  and  coopera- 
tion of  the  agricultural  communities.  The  whole  subject  of  trans- 
portation on  farms  must  also  be  developed  in  new  ways.  We  are 
not  yet  in  sight  of  the.  great  effect  that  engineering  is  to  exert  on  the 
redirection  of  country-life  affairs. 

We  need  also  to  establish  a  Department  of  Rural  Architecture. 
Perhaps  no  buildings  are  more  in  need  of  redirection  than  farm 
barns  and  farm  residences.  These  buildings  in  New  York  State  are 
largely  old  and  do  not  represent  the  best  farming  of  the  i)resent  day. 
Within  a  generation  the  larger  part  of  the  farm  buildings  in  this 
State  must  either  be  rebuilt,  overhauled,  or  very  extensively  re- 
paired. This  is  not  a  business  for  professional  architects,  for  the 
fees  are  so  small  in  the  construction  of  this  type  of  building  as  not 
to  attract  the  architects.  It  is  just  as  imix)rtant  that  the  State, 
through  its  educational  agencies,  attack  the  question  of  farm  build- 
ings as  that  it  attack  drainage,  croppage,  or  other  features  of  farm 
life. 

The  College  of  Agriculture  should  also  have  a  Department  of  Bee 
Keeping.  There  is  no  opportunity  now  provided  in  the  State  for 
instruction  in  this  subject,  or  for  the  investigation  of  many  of  the 
problems  with  which  apiculturists  are  confronted.  This  would  never 
be  a  large  department  as  compared  with  some  others,  but  it  is  im- 
portant both  from  the  agricultural  and  nature-study  points  of  view. 

It  is  necessary  also  that  we  take  up  the  study  of  meteorology  in 
a  new  spirit.  The  instruction  in  meteorology  in  the  College  of  Agri- 
culture is  now  provided  by  the  United  States  Weather  Bureau  in  re- 
turn for  the  rooms  and  facilities  set  aside  for  that  Bureau  in  the 
buildings  of  the  College  of  Agriculture.  The  class  in  meteorology 
has  grown  to  about  150  students.  It  has  become  one  of  the  im- 
portant lines  of  instruction  in  the  College  of  Agriculture.  There  are 
very  many  fields  of  investigation  along  meteorological  and  cliniato- 
lOgical  lines  as  allied  to  agricultural  practice,  and  there  is  no  college 
in  the  country  in  which  these  pieces  of  work  are  being  taken  up  to 
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any  great  extent.  The  success  of  farming  as  a  business  and  the  satis- 
faction of  the  farmer  as  a  man  depend  to  a  very  great  extent  upon 
the  weather  relations.  It  is  desirable,  therefore,  that  we  increase 
the  extent  and  scope  of  our  meteorological  work. 

Other  units  must  be  added  to  the  College  of  Agriculture,  and 
some  of  the  present  work  needs  to  be  more  or  less  divided  in  the 
interest  of  greater  efficiency ;  but  the  above  suggestions  represent  the 
new  lines  that  I  think  need  most  to  be  considered  at  the  present. 

necessity  for  a  business  farm. 

The  time  has  now  fairly  come  when  a  college  of  agriculture  can- 
not expect  to  ask  public  confidence  unless  it  is  able  to  give  actual 
demonstration  and  proof  of  practical  farm  management.  It  is  im- 
possible to  give  such  proof  on  a  college  farm,  because  a  college  farm 
is  not  a  normal  business  enterprise.  College  farms  are  exceedingly 
valuable  for  laboratories,  for  demonstratioin  areas,  and  for  experi- 
ment grounds.  It  would  be  impossible  to  have  a  first-class  college  of 
agriculture  without  such  farm  areas,  but  in  addition  to  this  there 
is  needed  at  least  one  good  farm  where  som€  of  the  diflferent  ele- 
ments can  actually  be  brought  together  on  a  strict  business  basis. 

A  college  farm  must  do  many  things  that  a  farmer's 
farm  never  does.  The  teams  are  needed  for  instruction 
in  horse  husbandry,  and  they  are  likely  to  be  needed  for 
the  hauling  of  coal,  the  transporting  of  visitors,  and  for 
many  other  things  aside  from  actual  farming.  A  college 
farm  must  grow  a  great  variety  of  crops  aind  keep  a  great 
range  of  live-stock  merely  for  illustration  and  for  exhibition.  The 
place  must  be  kept  in  an  orderly  and  polished  condition  in  every 
part  whether  it  is  financially  profitable  to  keep  it  in  this  condition  or 
not.  Materials  must  be  grown  for  classroom  instruction  and  the 
regular  farm  work  must  always  be  interrupted  to  accommodate  stu- 
dents and  others.  The  equipment  of  a  college  farm  is  also  abnormal. 
It  must  have  a  great  variety  of  machines,  tools,  apparatus,  and 
other  materials,  that  may  or  may  not  be  useful  on  any  one  actual 
farm.  That  is  to  say,  the  equipment  of  a  college  farm  represents  the 
materials  to  be  used  on  all  farms  rather  than  on  aaiy  one  farm. 

So  far  as  a  college  farm  is  used  for  teaching,  it  is  a  laboratory  and 
is  comparable  with  a  laboratory  in  civil  engineering,  mechanical  en- 
gineering, chemistry,  or  other  work ;  yet  a  college  of  agriculture  is 
confronted  with  the  commercial  problem  of  showing  a  man  how  to 
run  his  business^  in  order  to  make  the  business  pay,  and  this  should 
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be  a  part  of  the  educational  scheme.  In  order  to  accomplish  this  it  is 
necessary  to  have  a  real  farm,  and  far  enough  removed  from  the 
college  so  that  it  will  not  be  interfered  with  by  all  kinds  of  enter- 
prises that  do  not  belong  to  actual  practical  farming.  Such  a  farm 
is  necessary  for  the  effective  teaching  of  farm  management.  The 
complete  records  and  cost  accounts  should  be  kept.  The  records 
of  the  cost  of  producing  crops,  of  milk,  of  live-stock,  of  timber,  and 
the  like,  and  the  profits  from  them  should  furnish  the  basis  of  our 
practice  work  in  teaching  the  business  of  farming.  Each  student 
should  make  plans  for  the  future  management  of  the  farm,  based  on 
these  records.  The  whole  subject  of  cost  accounting  on  farms  now 
needs  to  be  studied  in  a  new  way ;  and,  of  course,  it  must  be  based 
on  the  work  of  farms  organized  in  a  regular  business  system.  To  a 
certain  extent,  we  can  use  the  figures  and  results  of  farmers'  farms 
throughout  the  State ;  but,  of  course,  we  cannot  secure  complete  rec- 
ords of  any  private  farm,  nor  can  we  lay  out  new  plans  of  farming 
based  on  actual  cost  accounting. 

My  suggestion  is,  therefore,  that  as  soon  as  possible  the  State 
acquire  a  good  farm  of  such  size  and  location  that  it  will  constitute 
a  good  business  farm  enterprise  of  the  average  or  better  sort.  Each 
year  the  business  accounts  of  this  farm  should  be  published  in  bul- 
letin form,  together  with  full  discussion  of  the  results.  Such  pub- 
lications would  be  the  best  possible  means  of  teaching  farmers  how 
to  keep  similar  records  and  how  to  project  a  farming  scheme  founded 
on  such  records. 

This  suggestion  is  not  to  be  confounded  with  the  project  of  illus- 
trating how  cheap  lands  or  so-called  "abandoned"  lands  may  be 
{profitably  utilized.  This  is  quite  another  problem.  We  should  have 
the  control,  at  least  for  a  series  of  years,  of  a  piece  of  land  in  one 
of  the  hill  regions  of  the  State  for  the  purpose  of  projecting  a  series 
of  experiments  on  the  recuperation  and  utilization  of  such  lands ;  but 
this  would  be  an  entirely  separate  enterprise  from  the  farm-manage- 
ment farm  that  I  am  now  particularly  recommending. 

EXTENSION    WORK 

The  appropriation  of  $50,000  for  the  purpose  of  extending  the  ex- 
tension work  in  the  College  of  Agriculture  raises  the  question  of  the 
nature  and  organization  of  extension  enterprises.  There  are  three 
great  lines  of  work  in  any  agricultural  department  of  a  college  of 
agriculture:  the  regular  internal  or  academic  teaching  work;  ex- 
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perimental,  investigation,  and  research  work;  extension  work  with 
the  people  on  their  farms  and  at  their  homes  and.  in  their  localities. 
It  is  desirable  that  every  one  of  the  great  departments  in  the  College 
of  Agriculture  organize  itself  for  these  three  coordinate  lines  of 
work,  with  a  strong  man  at  the  head  of  each ;  and  at  the  same  time 
there  must  be  an  enlarged  extension  office  or  department  in  the  Col- 
lege that  shall  take  care  of  the  organization  of  all  the  extension 
efforts. 

If  the  State  at  much  expense  is  discovering  facts  and  announcing 
principles,  it  must  follow  the  work  to  its  logical  conclusion,  and  this 
conclusion  is  the  direct  application  of  the  knowledge  and  the  advice 
to  the  agricultural  people  of  the  State.  This  needs  a  type  of  organ- 
ization and  administration  that  is  not  yet  fully  developed  anywhere, 
and  which  I  hope  this  College  of  Agriculture  may  be  one  of  the  first 
to  undertake  on  forward  and  liberal  lines.  Such  extension  work 
should  comprise  all  kinds  of  surveys  or  stock-taking  in  the  localities, 
lectures,  demonstrations  on  farms  and  in  schools,  work  with  all  kinds 
of  rural  organizations,  the  spread  of  the  gospel  of  cooperation,  the 
holding  of  short-course  schools  in  different  parts  of  the  State,  the 
establishing  of  local  agents  who  shall  be  to  the  agriculture  of  the 
community  what  the  teacher  is  to  the  education  and  the  minister  to 
the  religion,  the  conducting  of  farm  trains,  the  making  of  tests  on 
farms  of  all  kinds,  the  publication  of  useful  literature,  and  the  gen- 
eral publicity  in  which  a  college  of  agriculture  must  engage  if  it 
meets  its  situation.  Colleges  of  agriculture  are  called  on  not  only 
to  teach  the  students  who  come  to  them,  but  also  to  make  farming 
profitable  and  country  life  attractive.  There  are  imposed  on  these 
institutions  a  greater  variety  of  obligations  than  are  imposed  on  any 
kind  of  educational  institution  whatsoever;  so  it  happens  that  the 
ocllcgcs  of  agriculture  have  a  social  significance  that  is  quite  unap- 
preciated at  the  present  day. 

In  this  College  of  Agriculture  it  is  planned  that  every  department 
that  deals  with  agricultural  subject-matter  shall  sooner  or  later  be 
carrying  extension  work  in  its  field.  Aside  from  this,  we  shall  con- 
tinue and  enlarge  the  present  Department  of  Extension  Teaching, 
to  have  charge  of  the  organization  of  the  work,  to  conduct  the  read- 
ing-courses, lectures,  farm  trains,  and  other  extension  enterprises 
that  do  not  fall  naturally  within  the  subject-matter  departments. 
In  this  way  it  is  designed  that  the  entire  force  of  the  College  of  Agri- 
culture shall  lend  its  influence  to  the  development  of  welfare  work 
with  the  people  of  the  State. 
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EXPERIMENT   STATION 

Cornell  University  receives  funds  from  the  Federal  Government 
for  experiment  station  work.  These  federal  funds  are  devoted  to 
investigation  in  the  three  departments  of  plant-breeding,  soil  tech- 
nology, and  entomology.  However,  every  agricultural  department 
in  the  College  is  expected  to  engage  in  research  and  investigation, 
so  far  as  it  can  do  so  with  the  funds  and  the  time  at  its  disposal.  All 
these  departments  that  are  conducting  investigational  work  con- 
stitute the  Experiment  Station,  which  is  a  division  of  the  College  of 
Agriculture. 

The  amount  of  publishable  material  has  now  come  to-  be  very 
large.  Some  of  the  experimental  fields  have  been  put  into  permanent 
shape  for  research  work,  and  they  will  be  increasingly  important 
and  attractive  as  time  goes  on.  The  general  character  of  the  in- 
vestigational work  in  the  College  of  Agriculture  is  shown  in  the 
reports  of  the  various  departments  that  follow.  The  amount  of  this 
work  has  now  reached  a  large  volume. 

For  the  year  ended  September  30,  191 1,  the  following  bulletins 
and  circulars  have  been  issued  by  the  Experiment  Station: 

Bulletins : 

284.  Labor-Saving  Poultry  Appliances. 

285.  The  Cause  of  **  Apoplexy  ""  in  Winter-Fed  Lambs. 

286.  The  Snow-White  Linden  Moth. 

287.  Correlation  of  Characters  in  Corn. 

288.  Spray  Injury  Induced  by  Lime-Sulfur  Preparations. 

289.  Lime  Sulfur  as  a  Summer  Spray. 

290.  Studies  of  the  Fungicidal  Value  of  Lime-Sulfur  Prepara- 
tions. 

2qi.  The  Apple  Red  Bugs. 

292.  Cauliflower  and  Brussels  Sprouts  on  Long  Island. 

293.  The  Black  Rot  Disease  of  Grapes. 

294.  A  Heretofore  Unnoted  Benefit  from  the  Growth  of  Le- 
gumes. 

295.  An  Agricultural  Survey  in  Tompkins  County. 

2C)6    Spraying  for  Black  Rot  of  the  Grape  in  a  Dry  Season. 

297.  Studies  of  Variation  in  Plants. 

298.  The  Packing  of  Apples  in  Boxes. 

299.  The  Elimination  of  Tubercle  Bacilli  from  Infected  Cattle, 
and  the  Control  of  Bovine  Tuberculosis  and  Infected  Milk. 

300.  The  Cabbage  Aphis. 

301.  Sweet  Pea  Studies — i. 
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302.  Notes  from  the  Agricultural  Survey  in  Tompkins  County. 

303.  The  Cell  Content  of  Milk. 

Circulars  : 

8.  The  Elm  Leaf-Beetle. 

9.  Orange  Hawkweed  or  Paint  Brush. 

10.  Propagation   of   Starter    for    Butter-j\Iaking   and    Cheese- 

Making. 

11.  Helps  for  the  Dairy  Butter-Maker. 

departments  of  the  college 

The  College  of  Agriculture  is  now  organized  into  twenty-one 
different  departments,  covering  a  large  part  of  the  field  of  rural 
education.  In  order  to  secure  the  ablest  men  and  women,  it  is  es- 
sential that  these  persons  be  given  the  fullest  autonomy  and  inde- 
pendence, that  they  be  not  overburdened  by  administrative  work 
that  does  not  belong  to  their  specialties,  and  that  they  be  allowed 
to  pursue  their  special  fields  freely.  Some  overlapping  of  work  may 
result  from  this  policy,  but  this  is  a  very  small  danger  and  is  easily 
overcome  by  the  spirit  of  cooperation  that  should  prevail  amongst 
the  members  of  any  staff.  Departmental  lines  are  of  far  less  im- 
portance than  good  teachers  and  investigators.  It  is  only  by  organ- 
izing a  very  high  class  of  specialists  that  the  country-life  situation 
can  be  met  effective!) .  It  will  be  necessary  to  add  still  further  in- 
dependent officers  to  the  New  York  State  College  of  Agriculture  if 
it  is  really  to  serve  the  interests  of  the  State. 

Very  respectfully  submitted, 

L.  H.  BAILEY, 
Director  of  the  Nezv  York  State  College  of  Agriculture  at 
Cornell  University, 
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Statement  of  expenses  fiscal  year  1910-1911,  under  State  appro-  ^i 

priation  for  the  promotion  of  agricultural  knowledge  throughout 
the  State  and  for  the  maintenance,  equipment,  and  necessary  ma- 
terial to  conduct  the  New  York  State  College  of  Agriculture. 

September  30,  191 1. 
Appropriation    $200,000  00  ^ 

Expended  as  follows :  ] 

Office $27,016  03 

Farmers'  Wives'  Reading-Course 1,288  52 

Horticulture ' 2,997  05 

Poultry 4,493  63 

Plant  Physiology 2,699  ^4 

Pomology   1,873  03 

Dairy  Industry 1 1,536  03 

Animal  Husbandry  5,549  28 

Soil  Technology    2,552  46 

Farm  Practice 15,606  96 

Plant  Pathology 1,894  42 

Farm  Crops  3»368  17 

7'arm  Mechanics 967  39 

Rural  Economy 454  30 

Salaries  103,381  40 

Drawing   105  80 

Plant-Breeding 723  98 

Agricultural  Chemisiry    497  65 

Rural  Art 895  92 

Entomology 2,076  15 

Home  Economies 1,042  32 

Library 5^4  90 

Balance  to  complete  purchases  and  ex- 
penditures contracted  for,  but  not  com- 
pleted so  that  actual  payment  could  be 

made 8,465  47 

$200,000  00 
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Appropriation  for  extension  work  upon 
the  farms  and  among  the  farmers  of 
the  State $12,000  00 

Expended  as  follows : 

Extension  work $2,797  37 

Surveys 8,222  49 

Balance  to  complete  purchases  and  ex- 
penditures contracted  for,  but  not  yet 
completed     so    that    actual    payment 

could  be  made 980  14 

$12,000  00 
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CROPS 


Farm   Management 

TEACHING 

The  numbers  of  students  in  the  various  classes  in  Farm  Manage- 
ment were  as  follows : 

Graduate  students 9 

Course  i 1 29 

Course  2 18 

Course  3 i 

Total 157 


The  most  important  need  is  a  farm-management  farm,  to  be  run 
by  the  department  on  a  business  basis.  The  keeping  of  the  accounts 
on  this  farm  would  be  the  best  possible  means  of  teaching  students 
the  business  side  of  farming.  The  farm  would  need  to  be  free  from  all 
unnecessary  restrictions,  otherwise  it  could  not  be  a  business  farm. 
We  should  prefer  to  obtain  the  necessary  money  on  loan,  with 
the  privilege  of  paying  it  back,  or  to  earn  the  farm.  The  records 
and  accounts  from  such  a  farm  would  contribute  to  our  knowledge  of 
the  business  of  farming,  and  would  be  of  much  use  in  aidinq;  farmers 
in  methods  of  farm  organization.  All  students  in  the  department 
would  prepare  plans  for  the  management  of  the  farm.  The  plan 
finally  adopted  from  year  to  year  would  usually  be  the  one  decided 
upon  by  the  advanced  class  in  Farm  Management. 

More  room  in  the  laboratory  is  needed  if  good  instruction  is  to  be 
given.  An  increase  in  the  number  of  instructors  is  also  necessary 
if  the  standard  of  instruction  is  to  be  maintained  with  the  increasing 
number  of  students. 

INVESTIGATION 

During  the  year  the  agricultural  survey  work  in  Tompkins  county 
was  completed  and  published  in  bulletins  295  and  302.  The  tabula- 
tion of  the  survey  of  Livings! (^n  county  was  finished  and  the  report 

[xxxvi] 
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is  now  nearly  completed.  Field  work  was  done  on  a  survey  of 
Jefferson  county  and  records  were  secured  for  755  farms. 

We  believe  that  we  have  determined  some  fundamental  principles 
of  profitable  farm  organization  and  mangement  which  are  illustrated 
by  the  following  facts:  (i.)  The  more  lucrative  farms  have  sev- 
eral leading  products  instead  of  only  one ;  in  other  words,  they  are 
specialized,  but  specialized  in  two,  three,  or  four  directions  rather 
than  in  one,  and  usually  they  include  a  number  of  minor  products. 
The  dairy  farms  that  sell  little  produce  except  milk  or  butter  are 
never  doing  very  well.  The  profitable  dairy  farms  are  those  that 
combine  two  or  three  important  cash  crops  with  dairying.  Since 
dairying  is  only  a  partial  day's  work,  the  most  successful  farms  are 
able  to  raise  a  large  amount  of  cash  products  for  sale  in  addition 
to  doing  the  dairying,  with  practically  no  extra  help.  (2)  The  farms 
yielding  greatest  profit  are  doing  a  large  business ;  in  no  cases  have 
farms  that  arc  doing  a  small  business  been  very  lucrative.  With  a 
given  type  of  farming,  the  size  of  the  farm  is  the  most  Important 
measure  of  the  amount  of  business,  and  we  have  found  that  farms 
of  150  to  300  acres  are  the  only  very  profitable  farms  for  live-stock  or 
<;eneral  farming.  (3)  The  most  successful  farms  are  getting  better 
crops  and  better  production  from  the  animals  than  are  the  average 
farms,  but  they  differ  more  in  size  of  business  than  in  quality.  The 
most  profitable  dairy  farms  are  not  more  heavily  stocked  than  the 
average ;  but  they  are  buying  large  amounts  of  grain  feed  and  are 
raising  enough  high-priced  cash  crops  to  much  more  than  purchase 
this  feed.  Under  present  conditions  in  New  York,  it  seems  more 
profitable  to  raise  high-priced  cash  crops  and  buy  feed  than  to 
try  to  raise  the  feed.  (4)  The  best  farms  are  contributing  con- 
siderably more  to  the  city  food  supply  from  an  acre  of  land  than  are 
the  average  farms,  and  with  much  less  labor  of  men,  horses,  and 
machinery  for  a  given  quantity  of  food. 

There  are  many  other  important  points  brought  out  in  this  agricul- 
tural survey  work  indicating  the  important  factors  that  affect  the 
farmers'  profits.  This  work  is  of  great  value  in  determining  the 
fundamental  principles  of  farm  management.  It  furnishes  the  basis 
for  much  of  our  teaching  work  and  is  useful  to  farmers  as  well.  The 
survey  work  should  be  extended  as  soon  as  possible  so  as  to  include 
results  from  each  kind  of  farming  region  in  the  State. 

Cost  accounting  work  was  begun  on  six  farms.  Previously  this 
work  had  been  done  by  certain  farmers  under  our  direction.  Now 
the  farmer  keeps  the  daily  record  of  work,  receipts,  and  expenses. 
A  representative  of  the  College  visits  the  farm  occasionally  and  posts 
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the  books ;  at  the  end  of  the  year  he  helps  take  the  annual  inventory, 
balances  the  books,  and  calculates  the  profit  or  loss  on  each  crop  and 
kind  of  animal,  the  cost  of  production,  etc.  This  work  will  furnish 
some  much-needed  data  on  costs  of  farm  operations  and  on  profits 
from  various  enterprises.  It  is  now  planned  to  extend  the  cost  ac- 
counting to  about  twenty-five  farms  next  year. 

extension 

The  great  increase  in  the  amount  of  correspondence  has  made 
the  answering  of  farmers*  letters  one  of  the  chief  methods  of  exten- 
sion work. 

During  the  year  lectures  on  farm  management  were  given  to 
audiences  (mostly  farmers)  whose  total  number  amounted  to  about 
5,150.  A  considerable  number  of  lectures  were  also  given  on  farm 
crops. 

The  survey  work  and  cost  accounting  work  are  perhaps  the  best 
forms  of  extension  work  done  by  the  department,  as  well  as  being 
researc-h  work.  Nearly  all  research  in  farm  management  must  be 
done  among  the  farmers  because  the  necessary  conditions  exist  on 
the  farms  and  nowhere  else. 

One  professor  should  be  provided  to  devote  his  entire  time  to 
assisting  farmers  on  their  farms  in  matters  of  farm  reorganization 
and  farm  management. 

Farm  Crops 

teaching 

The  number  of  students  in  various  classes  in  Farm  Crops  were 
as  follows: 

Graduate  students 9 

Course  i 39 

Course  2 28 

Course  3 yi 

Course  5 i 2 


Total  I 


nn 


INVESTIGATION. 

The  testing  of  types  and  varieties  of  corn  was  continued.  Under 
most  conditions  the  Flint  corns  seem  to  outyield  the  Dents  in  this 
State  and  some  of  the  Flint  varieties  appear  to  be  excellent  for  silage. 
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Work  on  pastures  was  continued  and  a  number  of  pasture  experi- 
ments were  begun. 

At  the  close  of  this  year  the  farm  management  and  farm  crops 
work  was  divided  into  separate  departments.  This  will  be  much 
better  for  both  kinds  of  work. 

There  is  a  great  need  for  better  instruction,  more  investigation, 
and  more  extension  work  on  crop  production.  The  great  crops 
of  the  State  have  as  yet  received  little  attention.  The  College 
should  have  men  who  are  experts  on  the  leading  crops: 
pastures,  hay,  potatoes,  oats,,  com,  beans,  cabbage,  etc.  Bulletins 
should  be  available  on  each  of  these  crops.  No  one  is  qualified 
to  write  such  a  bulletin  until,  in  addition  to  his  scientific  knowl- 
edge of  the  crop,  he  has  spent  at  least  a  year  traveling  about 
the  State  studying  the  methods  of  raising  the  crop  and  finding 
out  the  results  of  the  numerous  experiments  and  tests  made  by 
farmers.  One  such  bulletin  was  issued  last  year  on  pastures, 
but  the  supply  was  exhausted  in  about  three  weeks.  Such 
bulletins  should  be  kept  up  to  date  and  always  on  hand. 

EXTENSION 

As  in  Farm  Management,  the  answering  of  farmers'  letters  was 
the  chief  form  of  extension  work. 

Professor  White  devoted  about  one  third  of  his  time  to  co- 
operative experiments,  making  exhibits  at  fairs  and  helping  farmers 
on  their  farms. 

G.  F.  WARREN, 
Professor  of  Farm  Management  and  Farm  Crops. 


Digitized  by  VjOOQIC 


DEPARTMENT  OF  FARIM  rRACTICE 


TEACHING 


The  number  of  students  registered  in  Farm  Practice  was  15, 
and  the  average  number  of  hours  per  week  devoted  to  instruc- 
tion during  the  time  the  work   was  given  was  10. 

During  the  first  term  a  two-hour  course  in  Farm  Structures, 
designed  especially  for  special  students,  was  given  by  Mr. 
Minns.  Forty-one  students  were  registered  in  this  course. 
During  the  second  term  a  somewhat  more  advanced  course  in 
the  same  subject,  designed  especially  for  regular  students  who 
had  previously  taken  Drawing,  was  given.  The  registration  in 
this  course  was  12.  Both  courses  were  successful,  and  the 
interest  shown  by  the  students  indicates  that  similar  courses 
should  be  regularly  scheduled. 

The  total  registration  in  the  Winter-Course  in  General  Agri- 
culture was  234,  an  increase  of  76  over  the  previous  year.  The 
laboratory  periods  were  held  in  the  head-house  of  the  new 
greenhouse,  which  afforded  better  facilities  than  we  have  had 
previously  for  several*  years.  The  Farm  Structures  class  for 
the  Winter-Course  registered  31  students. 

INVESTIGATION 

The  principal  investigations  in  hand  by  the  Department  of 
Farm  Practice  relate  to  the  durability  of  wire  fence  material, 
the  durability  of  falbric  roofing  material,  the  efficiency  of  tile 
drain  at  different  distances  in  Dunkirk  clay  loam,  and  the  effi- 
ciency of  different  forms  of  lime  in  alfalfa  growing.  These  are 
necessarily  long-term  experiments.  The  department  is  also 
studying  the  adaptability  of  different  varieties  of  corn  for  silage, 
the  renovation  of  depleted  soils  without  manure  or  fertilizers, 
and  this  season  has  started  an  experiment  on  the  renovation  of 
a  run-down  pasture. 

The  tearing  down  of  the  silo  in  the  old  barn  practically  ter- 
minated an  experiment  started  thirteen  years  ago  to  test  the 
durability  of  diflFerent  kinds  of  wood  in  silo  construction. 
Hemlock,  white  pine,  and  yellow  pine  were  used  in  the  con- 
struction. Part  of  the  staves  of  each  kind  of  wood  were  treated 
with  carbolineum,  part   with  coal   tar,   and   part   were   untreated. 
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The  period  was  too  brief  for  final  results.  Most  of  the  staves 
were  in  excellent  condition,  and  have  been  used  again  in  a  silo 
near  the  state  barn.  A  few  of  the  yellow  pine  staves  were 
somewhat  decayed,  but  most  of  them  were  not.  The  other 
kinds  were  not  decayed  and  we  could  not  discover  any  effects 
of  the  treatment  except  in  the  coloration  of  the  wood.  Obser- 
vations on  the  staves  in  their  new  location  will  be  continued. 

Last  year  we  took  up  some  oak  posts  that  had  been  in  the 
ground  for  twelve  years,  part  of  which  had  been  treated  with 
carbolineum  and  part  had  not.  The  treated  parts  were  easily 
recognized  by  their  coloration,  but  a  careful  examination  did  not 
reveal  any  difference  in  the  amount  of  decay.  Both  had  decayed 
rather  badly.     The  soil  was  a  gravelly  loam,  well  drained. 

EXTENSION 

During  the  year,  eleven  special  problem  visits  have  been  made. 
Four  full  weeks  were  spent  in  extension  schools.  Ten 
addresses  were  given  at  farmers'  meetings  and  two  fairs  were 
attended.  The  correspondence  of  the  department  has  amounted 
to  about  2,400  letters  beside  those  answered  for  the  extension 
office. 

FARM    OPERATIONS 

The  following  are  the  main  activities  of  the  department  in 
operating  the  farms: 

During  the  year  we  have  drawn  from  the  city  to  the  farms 
1,117  loads  of  manure  and  produced  on  the  farms  1,221  loads. 
We  are  now  approaching  the  time  when  w-e  can  discontinue  the 
hauHng  of  city  manure. 

We  grew  the  following  acreage  of  crops: 

Corn 43     Oats  and  peas 8 

Uats 34     Wheat 22 

Potatoes 3     Mangels 2 

Huckwheat 12 

The  produce  harvested  has  amounted  to  the  following: 

Alfalfa    hay 65  tons  Corn   silage 342  tons 

Other  hay 177  tons  Oats 1,303  bushels 

Mangels 45  tons  Wheat 473  bushels 

Buckwheat 78  busliels 

J.  L.  STONE, 

Professor  of  Farm  Practice, 
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The  teacliitig  division  has  grown  rapidly  since  its  establish- 
ment three  years  ago.  The  number  of  students,  both  graduate 
and  undergraduate,  to  whom  instruction  has  been  given  during 
the  past  year  has  increased  very  materially  over  the  preceding 
years. 

In  conjunction  with  the  experimental  division,  the  teaching  divi- 
sion has  given  instruction  to  29  graduate  students  classified  as  fol- 
lows; Ph.  D.  (major)  9;  Ph.  D.  (minor)  5;  M.  S.  A.  (major)  8; 
M.  S.  A.  (minor)  5;  special  (graduate)  2 

The  graduate  students  have  degrees  from  the  following  insti- 
tutions: University  of  Illinois  (2),  Cornell  University  (12), 
Virginia  Polytechnic  Institute  (2),  Middlebury  College,  Michigan 
Agricultural  College,  North  Dakota  Agricultural  College,  Massa- 
chusetts Agricultural  College,  Pennsylvania  State  College  (2), 
Leland  Stanford  University,  Utah  Agricultural  College,  Illinois 
Wesleyan  University  (2),  Clemson  College,  University  of 
Florida,  and  Kansas  Agricultural  College. 

[xlii] 
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The  Department  of  Plant-Breeding  has  been  organized  only  four 
years,  but  during  that  time  it  has  given  instruction  to  graduate 
students  who  now  occupy  positions  of  instruction  or  research  in 
the  following  institutions:  Utah  Agricultural  College,  Maryland 
Agricultural  College,  Barnard  College  (Columbia  University), 
Michigan  Agricultural  College,  Mississippi  Agricultural  and 
Mechanical  College,  New  York  State  Department  of  Agriculture, 
United  States  Department  of  Agriculture,  Estacioti  Experimental 
Rio  Piedras  (Porto  Rico),  University  of  Minnesota,  North  Dakota 
Agricultural  College,  Cornell  University,  Geneva  Agricultural  Ex- 
periment Station,  University  of  Maine,  Connecticut  Agricultural 
College,  Pennsylvania  State  College,  Georgia  Expenment  Station, 
National  Goverrmient  Department  of  Agriculture  (Natail,  South 
Africa),  Dickinson  Sub-Experiment  Station  (North  Dakota), 
Idaho  College  of  Agriculture,  North  Carolina  Department  of 
Agriculture,  Oahu  College  (Hawaii),  Provincial  Agricultural  Col- 
lege (Bengal,  India). 

Since  the  establishment  of  the  teaching  division,  there  is  ai  very 
noticeable  increase  in  the  number  of  Cornell  University  graduates 
who  pursue  postgraduate  work  in  plant-breeding.  Formerly, 
practically  all  of  our  graduate  students  came  from  other  institu- 
tions. The  increase  in  the  number  of  graduate  students  for  the 
past  year  is  due  partly  to  the  stimulus  received  in  the  under- 
graduate courses  given  here. 

This  division  has  inaugurated  a  system  of  keeping  careful  rec- 
ords of  all  its  students.  We  plan  to  project  several  large  plant- 
breeding  enterprises  in  this  State  through  the  medium  of  our 
students,  regular,  special,  and  winter-course,  who  have  received 
instruction  in  the  subject. 

The  following  courses  were  offered : 

Under ^radiujte  courses. —  General  Plant-Breeding  ( i ) .  First 
term.  Three  hours.  Assistant  Professor  Gilbert  and  Mr.  Dorsey. 
Primarily  for  students  who  were  planning  to  pursue  practical  farm- 
ing and  who  did  not  wish  to  take  a  more  comprehensive  course. 
A  study  of  the  elements  of  plant-breeding,  including  variation, 
selection,  and  hybridization.  The  laboratory  exercises  were  de- 
signed to  give  practice  in  measuring  variation,  making  hybrids, 
and  planning  plant-breeding  schemes  adaptable  to  farm  practice. 

Plant-Breeding  (2).  Throughout  the  year.  Three  hours. 
Assistant  Professor  Gilbert  and  Mr.  Dorsey.  Special  lectures  were 
given  by  members  of  the  experimental  staff.     Primarily  for  juniors 
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and  seniors  and  required  of  graduate  students.  This  course  under- 
took a  careful  consideration  of  the  principles  and  practice  of  plant- 
breeding  with  reference  to  variation,  selection,  and  hybridization 
as  factors  in  the  amelioration  of  cultivated  plants.  Special  con- 
sideration was  given  to  the  methods  and  results  of  present-day 
plant-breeders. 

Biometry  (4 j.  First  term.  One  hour.  Assistant  Professor  Love. 
Primarily  for  graduate  students;  required  of  major  graduate  stu- 
dents in  Plant-Breeding.  This  course  consisted  in  a  discussion  and 
application  of  statistical  methods  as  applied  to  problems  in  biology 
and  practical  breeding. 

Research  (5).  Throughout  the  year.  Two  hours.  Assistant 
Professor  Gilbert.  Primarily  for  senior  thesis  work.  This  course 
gave  the  student  an  opportunity  to  pursue  a,  plant-breeding  prob- 
lem that  afforded  him  practice  in  bibliographical  and  research 
methods. 

Graduate  courses. — Research  (6).  Throughout  the  year.  Pro- 
fessor Webber,  Assistant  Professors  Lx)ve  and  Gilbert.  Special 
work  for  a  few  advanced  graduate  students,  arranged  with  refer- 
ence to  individual  aims  and  attainments.  Problems  in  plant-breed- 
ing, heredity,  and  general  evolutionary  topics. 

Seminar  (7).  Throughout  the  year.  Professor  Webber,  Assist- 
ant Professors  Love  and  Gilbert.  Required  of  all  graduate 
students  in  the  department.  A  seminar  for  the  discussion  of  the 
fundamental  problems  of  plant-breeding,  heredity,  and  general 
evolution,  methods  of  plant-breeding,  etc. 

Equipment. —  This  division  has  no  c.«ki3room,  laboratory,  nor 
greenhouse  of  its  own,  and  has  been  forced  to  use  those  of  other 
departments.  The  use  of  classrooms,  laboratory,  and  greenhouse 
so  far  apart  occupies  considerable  time  and  causes  no  little  incon- 
venience and  expense  in  carrying  apparatus  and  demonstration  ma- 
terials from  place  to  place.  Instruction  could  be  made  much  more 
efficient  if  the  rooms  used  by  the  department  were  contiguous  to,  or 
at  least  near,  the  headquarters  of  the  department. 

Laboratory  apparatus  is  being  bought  gradually,  as  funds  per- 
mit. The  apparatus  as  a  whole  is  not  expensive,  but  many  pieces 
are  required. 

Investigations  by  graduate  students. —  The  research  work  with 
which  this  division  is  concerned  is  done  by  graduate  students  in 
conjunction  with  the  experimental  division.  Candidates  for  the 
doctorate  degree,  who  are  here  fur  a  considerable  length  of  time, 
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are  enabled  to  carry  research  problems  to  a  point  where  definite 
conclusions  may  be  reached.  Candidates  for  the  master's  degree, 
however,  are  here  for  a  comparatively  short  time,  and  therefore 
are  unable  to  carry  to  conclusion  most  plant-breeding  problems, 
which  require  a  long  period  of  study.  Hence,  literature  problems 
are  often  assigned  to  those  students  who  are  here  for  only  a  year, 
especially  minor  students. 

The  department  is  assembling,  as  rapidly  as  funds  will  permit, 
a  good  working  plant-breeding  library. 

investigation 

Experiments  in  breeding  timothy, —  The  timothy  breeding  ex- 
periments that  have  been  under  way  since  1903  are  now  giving 
particularly  interesting  results.  In  the  course  of  these  experiments 
a  large  number  of  distinct  varieties  have  been  originated ;  many  of 
these  varieties  are  of  interest  simply  from  a  scientific  standpoint, 
but  others  apparently  possess  great  value  for  general  cultivation. 
For  five  years  tests  have  been  made  of  the  comparative  yields  of 
different  types  when  grown  in  rows,  and  for  two  years  similar 
comparative  yield  tests  have  been  made  with  17  new  varieties  in 
plats  sown  broadcast.  The  possible  value  of  the  results  obtained 
aire  forcibly  suggested  by  the  yields  of  the  broadcast  plats.  In 
testing  these  17  new  sorts,  they  were  planted  in  comparison  with 
check  plats  sown  with  the  best  timothy  seed  that  could  be  pur- 
chased on  the  market,  seven  check  plats  being  equally  distributed 
among  the  17  new  sorts. 

The  average  results  are  shown  by  the  following  records:  In 
1910  the  17  new  sorts  gave  an  average  yield  per  acre  of  7451 
pounds;  the  check  plats  for  the  same  year  gave  an  average  yield 
of  6,600  pounds  per  acre.  The  17  new  sorts  in  this  year  thus  gave 
an  actual  average  increase  per  acre  of  851  pounds  for  all  17  selec- 
tions. In  this  year  three  of  the  new  sorts  did  not  show  their 
superiority,  not  getting  well  started,  and  these  varieties  gave 
yields  below  their  corresponding  checks.  This  served  to  keep  the 
averaige  increase  in  yield  down  to  a  comparatively  low  figure.  The 
best  and  most  vigorous  of  the  new  sorts  gave  much  higher  in- 
creases, the  highest  increase  being  2,120  pounds  per  acre  and  the 
second  highest  1,920  pounds  per  acre. 

Ordinary  timothy  usually  begins  to  deteriorate  very  quickly  and 
meadows  run  out,  so  that  fields  are  rarely  kept  in  timothy  for  more 
than  two  or  three  years  according  to  the  best  farm  practice.    This 
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running  out  is  probably  owing  to  many  causes,  but  it  is  certainly 
due  in  large  measure  to  lack  of  vigor  and  of  vitality  and  to  the 
susceptibility  of  the  ordinary  timothy  to  rust  and  to  other  diseases. 
On  the  other  hand,  the  new  sorts  have  been  selected  for  their  great 
vigor,  running  through  a  number  of  years,  for  their  ability  to  stool 
abundantly,  and  for  their  resistance  to  rust.  Naturally,  therefore, 
they  would  be  expected  to  improve  while  the  ordinary  timothy 
would  be  expected  to  deteriorate  rapidly,  possibly  after  the  first  c:i 
second  year.  These  different  tendencies  seem  to  be  brought  out 
strikingly  in  the  results  from  the  191 1  crop. 

The  season  of  191 1  was  very  dry  and  severe,  and  the  timothy 
crop  on  the  whole  suffered  considerably  as  a  result.  The  pla/ts  of 
the  17  new  varieties  gave  an  ,average  yield  of  7,153  pounds  per 
acre,  which  was  only  slightly  less  than  the  yield  of  1910  and  which, 
considering  the  season,  should  be  regarded  as  a  larger  yield.  The 
seven  check  plats,  however,  gave  aai  average  yield  of  only  4,091 
pounds  per  acre,  a  very  material  decrease  from  the  yield  of  1910. 
The  average  increased  yield  of  the  17  new  sorts  in  191 1  was  3,062 
pounds  per  acre;  this  is  an  astonishing  figure,  being  an  increased 
yield  of  over  one  and  one-half  tons  per  acre.  Four  of  the  high 
yielding  sorts  in  191 1  gaAre  an  increased  yield  of  over  two  tons  per 
acre,  or  practically  double  the  average  yield  of  the  checks. 

The  best  of  these  new  varieties  are  now  being  propagated  as 
rapidly  as  possible,  and  arrangements  will  be  made  next  year  or 
the  year  following  to  distribute  them  throughout  the  State.  Their 
general  cultivation  should  greatly  increase  the  yield  per  acre  of 
our  timothy  meadows. 

Corn  breeding  experiments. —  The  corn  breeding  experiments 
that  are  being  conducted  by  this  department  have  been  continued 
as  in  preceding  years.  Selection  plats  of  Pride  of  the  North  at 
Aurora,  and  Funk's  Ninety  Day  at  Ballston  Lake,  have  been  under 
observation  for  four  years.  A  similar  selection  of  Reid's  Yellow 
Dent  was  carried  on  for  two  years  at  Ithaca  and  then  transferred 
for  two  years  to  Utica.  This  variety  has  generally  proven  so  late 
that  last*  spring  it  was  transferred  to  Bedford  Hills,  in  southeast- 
ern New  York,  where  it  will  be  further  selected  and  thoroughly 
tested.  At  Bedford  Hills  an  experiment  in  the  selection  of  Funk's 
Ninety  Day  and  Westchester  County  White,  a  large  white  dent 
variety,  is  also  being  carried  on,  having  been  started  last  year. 
This  year  an  experiment  in  the  selection  of  a  good  local  variety  of 
flint  corn  has  been  started  on  the  experimental  farm  at  Ithaca, 


Digitized  by  VjOOQIC 


xlviii  Department  of  Plant-Breeding 

The  primary  object  in  these  experiments  is  to  produce  earlier 
varieties  of  corn  that  will  mature  seed  under  New  \ork  con- 
ditions and  will  give  a  good  yield  of  grain,  and  also,  if  possible, 
to  obtain  silage  varieties  that  will  mature  seed  in  this  State,  in 
order  that  farmers  may  produce  their  own  seed  and  may  know 
what  they  are  planting. 

Very  satisfactory  advance  has  been  made  in  some  of  tliese  ex- 
periments. In  the  selection  of  Funk's  Ninety  Day,  whicli  has 
been  carried  on  at  Ballston  Lake,  increased  earliness  has  been 
made  one  of  the  principal  factors.  Last  summer  a  general  lot  oi 
select  seed  was  obtained  by  taking  a  small  quantity  of  seed  from 
each  of  the  ears  chosen  for  planting.  This  was  used  to  compare 
the  gain  in  earliness  by  planting  it  in  alternate  rows  with  the 
original  seed  with  which  the  selection  was  started.  The  orig- 
inal seed  used  in  the  test  was  obtained  by  mixing  kernels  from 
each  of  the  ears  planted  in  starting  the  selection  the  hrst  year, 
1908.  The  crop  from  these  alternate  rows  was  harvested  and 
carefully  compared  with  reference  to  earliness.  It  was  found 
that  in  the  rows  grown  from  the  improved  seed  72  per  cent  of 
the  ears  were  fully  ripe  when  husked,  while  in  rows  grown 
from  the  original  seed  only  13  per  cent  of  the  ears  were  graded 
as  ripe,  and,  in  fact,  these  few  were  not  so  ripe  as  the  ripe  ears 
of  the  improved  strain.  This  degree  in  ripeness,  so  far  as  could 
be  judged  by  observation,  represents  a  gain  of  at  least  two 
weeks  in  earliness,  or  time  of  maturing.  During  the  selection 
careful  attention  has  also  been  given  to  productivity,  and  the 
early  strain  remains  fully  as  productive  as  the  original  variety. 

Fully  as  striking  results  in  the  shortening  of  the  season  re- 
quired to  reach  maturity  have  been  obtained  with  the  Reid's 
Yellow  Dent,  but  this  variety  as  yet  remains  rather  late  for 
New  York  conditions. 

Several  of  the  varieties  under  experiment  have  reached  suf- 
ficient differentiation  and  improvement  to  justify  their  general 
use  in  certain  parts  of  the  State,  and  arrangements  should  now 
be  made  to  place  the  seed  with  growers  for  propagation. 

Cereal  breeding  experiments. —  The  cereal  breeding  experiments 
are  being  conducted  in  cooperation  with  the  Bureau  of  Plant 
Industry  of  the  United  States  Department  of  Agriculture,  and 
include  the  breeding  of  wheat  and  oats. 

Oat  breeding  experiments. —  The  testing  of  the  hybrids  and 
selections  made  by  Professor  J.  B.  Norton,  of  the  Department 
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of  Agriculture,  has  been  continued  the  past  year.  The  test  has 
now  run  through  five  seasons,  having  been  begun  in  1907  and 
continued  to  date.  J'he  yields  of  grain  from  the  different  varie- 
ties have  been  carefully  determined  each  year,  and  it  is  now 
possibk  to  draw  some  conclusions  from  the  results.  For  the 
past  season,  191 1,  the  yield  of  straw  was  also  obtained,  since  it 
seems  desirable  to  have  strains  that  yield  large  amounts  of 
both  grain  and  straw. 

In  some  cases  there  is  very  little  indication  of  the  tendency 
to  reproduce  high  yield,  while  in  others  this  tendency  seems  to 
be  very  evid-ent.  Certain  of  these  strains  have  given  high  yield 
throughout  the  period  of  testing  and  therefore  it  seems  that 
these  varieties  give  good  promise  of  being  high  yielders  for 
New  York  conditions.  There  now  remains,  however,  the  test- 
ing of  these  strains  in  comparison  with  the  standard  varieties 
grown  in  New  York.  This  test  was  begun  two  years  ago.  For 
the  year  1910,  the  test  of  the  best  hybrids  and  selections  in  com- 
parison with  some  of  the  ordinary  varieties,  including  such  well- 
known  types  as  Silver  Mine  and  Swedish  Select,  gave  a  larger 
yield  of  grain  for  both  the  hybrids  and  selections.  The  average 
yield  of  the  seven  best  hybrids  was  71  bushels  and  for  the  seven 
best  selections  64  bushels,  while  that  for  the  six  best  hybrids 
was  only  57  bushels.  This  test  was  carried  on  in  a  uniform 
manner  so  that  the  ordinary  varieties  (commercial)  grew  side 
by  side  with  th-e  hybrids  and  selections.  Since  our  soil  is  very 
ununiform  these  varieties  were  planted  in  rod  rows  which  were 
repeated  many  times  through  the  field,  thus  placing  the  different 
strains  on  the  diff-erent  types  of  soil.  In  this  way  we  are  able 
to  carry  on  a  very  careful  test  and  thus  learn  the  value  of  the 
different  hybrids  and  selections. 

Another  interesting  point  brought  out  in  connection  with  the 
experiments  is  the  greater  yielding  capacity  of  certain  hybrids 
than  that  of  any  of  the  selected  strains  of  standard  varieties 
under  trial.  In  1907  the  ten  highest  yielding  hybrids  averaged 
14.3  ounces  per  row,  while  the  t«n  highest  yielding  selections 
averaged  only  12.2  ounces  per  row.  In  1908  the  ten  highest 
yielding  hybrids  gave  an  average  of  16.9  ounces  per  row  and  the 
ten  highest  yielding  selections  12.5  ounces  per  row.  In  1909 
the  averages  were  16.9  ounces  per  row  for  the  ten  highest  yield- 
ing hybrids,  and  12.8  ounces  per  row  for  the  ten  highest  yield- 
ing selections.     The  r-esults  for  1910  show  that  certain  hybrid 
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combinations  give  better  yields  than  any  of  the  straight  selec- 
tions. The  average  yield  for  the  seven  best  hybrids  in  1910  was 
71  bushels,  while  that  for  th€  seven  best  selections  was  64 
bushels,  as  stated  above.  The  average  yield  for  the  four  years, 
1907-1910,  was  77.9  bushels  per  row  for  the  hybrids  and  62.9 
bushels  per  row  for  the  selections.  ^^., 

It  is  also  interesting  to  note  the  difference^  in  yield  when  the 
yields  of  all  hybrids  and  of  all  selections  are  taken  into  con- 
sideration. In  1907  the  tests  of  all  hybrids  gave  an  average  of 
only  49.19  bushels  per  acre,  while  the  average  of  all  straight 
Selections  gave  a  yield  of  52.64  bushels  per  acre.  In  1908  the 
calculated  average  yield  per  acre  of  all  hybrids  was  56.2  bushels, 
and  of  all  straight  selections  48  bushels.  In  1909  the  average 
yield  of  all  hybrids  was  33.6  bushels  per  acre,  while  that  of  all 
straight  selections  was  26.9  bushels  per  acre.  For  1910  the 
average  yield  for  all  hybrids  was  65.9  bushels  per  acre,  and  for 
all  selections  54.2  bushels  per  acre.  The  average  for  the  four 
years  gave  for  the  hybrids  51.2  bushels  per  acre,  and  for  the 
selections  45.4  bushels  per  acre.  The  average  for  the  four  years 
shows  that  the  hybrids  gave  a  higher  yield  than  the  selections, 
and  seems  to  indicate  that  so  far  as  yield  is  concerned  the 
hybrids  are  better  than  the  selections. 

The  data  thus  far  obtained  furnish  considerable  evidence  on 
the  value  of  different  classes  of  hybrids.  It  would  seem  that 
the  most  promising  combination  of  those  tested  for  New  York 
conditions  are  Burtt  crossed  with  Texas  Rust  Proof,  Burtt 
crossed  with  Sixty  Day,  and  Sixty  Day  crossed  with  Extra 
Early  Burtt.  These  conclusions  cannot  be  taken  as  absolute, 
as  other  combinations  in  oats  than  those  tested  might  turn  out 
more  promising.  However,  it  seems  that  what  is  desired  for 
our  conditions  is  an  early  maturing  variety;  at  least,  the  data 
that  we  now  have  on  hand  lead  to  this  supposition. 

The  investigation  to  determine  whether  it  is  possible  to  pro- 
duce a  winter  oat  suitable  for  New  York  conditions  is  still 
under  way.  The  results  have  advanced  little  in  addition  to 
what  was  stated  in  the  last  report  of  this  department.  Several 
individual  selections  of  plants  have  been  tested  with  the  hope  of 
obtaining  some  good  strains  that  will  withstand  the  winter  and 
will  give  high  yields.  The  main  object  of  this  investigation  is 
to  overcome  low  yield  due  to  the  fact  that  on  account  of  the 
bad  weather  in  spring  many  fields  have  to  be  seeded  very  late. 
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Experience  has  shown  that  the  late  sowing  of  oats  gives  lower 
yields  than  earlier  seeding.  It  is  thought  that  if  a  winter  variety 
can  be  obtained  the  seeding  may  be  accomplished  in  the  fall, 
just  as  is  done  with  winter  wheat,  and  thus  the  late  spring 
planting  would  not  so  materially  affect  the  yields.  It  is  too 
early  to  make  any  predictions  regarding  this  line  of  investiga- 
tion, but  results  tlius  far  certainly  justify  its  continuance.  The 
winter  oats  ripened  about  two  weeks  earlier  than  spring  oats, 
and  are  much  freer  from  smut  and  rust. 

In  addition  to  the  oat  experiments  just  outlined,  the  depart- 
ment has  been  conducting  an  experiment  for  the  past  two  years 
to  determine  whether  the  ordinary  method  of  testing  different 
varieties  of  oats  is  the  best  one  to  use.  In  ordinary  practice 
oats  are  sown  at  a  certain  rate  per  acre.  The  number  of 
bushels  sown  per  acre  is  usually  determined  by  either  measure 
or  weight,  but  owing  to  the  fact  that  some  strains  are  large- 
grained  and  some  small,  this  method  of  seeding  may  give  a 
very  different  stand  for  different  varieties  of  oats.  With  this 
in  mind  the  same  weights  per  acre  were  planted  and  at  the 
same  time  sown  in  such  a  way  that  the  same  number  of  kernels 
were  sown  for  the  different  varieties,  thus  obtaining  a  nearly 
uniform  stand.  The  experiment  has  not  been  carried  far 
enough  to  draw  definite  conclusions,  but  so  far  it  is  shedding 
some  light  on  the  question,  and  it  indicates  that  the  plan  of 
sowing  the  same  amounts  of  grain  per  acre  may  not  always  be 
best.     This  experiment  is  to  be  continued. 

Wheat  breeding  experiments, —  The  wheat  breeding  experiments 
have  been  continued  in  much  the  same  manner  as  outlined  in  the  last 
report  of  this  department,  with  the  exception  that  there  are  not  so 
many  different  varieties  being  grown.  More  selections  of  individual 
plants  of  some  of  the  more  standard  varieties  have  been  tested  out 
to  a  greater  extent.  Several  hundred  plants  from  about  a  dozen 
standard  varieties  have  been  tested  out  in  rod  rows  in  order  to  get 
some  comparison  of  yields  between  varieties  and  also  between  the 
different  strains  within  the  variety. 

For  the  past  two  years  these  experiments  have  shown  us  that 
we  have  some  Selections  that  give  promise  of  much  greater  yield 
than  the  variety  from  which  they  were  selected,  when  tested  under 
uniform  conditions.  These  selections  were  made  from  several  well- 
known  varieties  of  wheat,  such  as  Rural  New  Yorker,  Prosperity, 
Seneca  Chief,  Dawson's  Golden  Chaff,  New  Soules,  Fulz,  and  sev- 
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eral  others.  In  the  case  of  Rural  New  Yorker,  one  selection  has  been 
found  that  for  the  past  two  years  has  yielded  lo  bushels  per  acre 
more  than  the  Rural  New  Yorker  variety.  In  some  of  the  other  vari- 
eties, yields  for  the  selections  have  shown  an  increase  of  from  3  to  5 
or  6  bushels  per  acre  more  than  the  ordinary  varieties  of  the  same 
names.  These  experiments  have  been  conducted  on  an  extensive 
scale,  using  the  rod  row  system  similar  to  the  methods  used  in  the 
testing  of  oats. 

Potato  breeding  experiments. —  The  potato  breeding  experiments 
outlined  in  the  last  report  are  being  continued.  The  greater  part  of 
these  investigations  are  of  a  scientific  nature,  designed  to  test  in  a 
thorough  way  the  question  of  whether  improvement  may  be  made 
by  hill  selection  or  whether  differentiations  may  be  obtained  within 
pure  tuber  lines.  These  experiments  should  ultimately  furnish  con- 
clusive evidence  as  to  the  value  of  hill  selection,  which  is  now 
advocated  as  a  desirable  method  to  pursue  in  potato  growing.  The 
value  of  this  method  has  been  seriously  questioned  and  it  is  highly 
desirable  that  definite  proof  be  obtained,  either  favoring  or  opposing 
the  practice. 

Two  lines  of  experiments  arc  under  way  on  this  subject:  First, 
a  selection  within  pure  tuber  lines,  that  is,  within  a  pro][jeny  known 
to  have  been  derived  from  a  single  tuber;  and,  second,  a  practical 
hill  selection  experiment  carried  out  as  a  grower  might  be  expected 
to  select  hills  in  improving  his  crop. 

Aside  from  the  above  experiments  a  considerable  number  of  potato 
seedlings  are  being  grown  and  tested.  Here  the  department  is 
obtaining  data  on  the  variation  of  potato  seedlings  and  making  ob- 
servations to  determine  how  soon  a  definite  conclusion  may  be 
reached  regarding  the  value  of  a  seedling.  It  is  also  hoped  that  as  a 
result  of  this  experiment  some  of  the  numerous  seedlings  may  prove 
to  be  valuable  sorts  for  cultivation. 

Forage  crop  investigations, —  Little  advance  has  been  made  in  the 
forage  crop  investigations  mentioned  in  the  previous  reports  of  this 
department,  as  the  crowding  of  other  experiments  has  prevented 
specialization  along  these  lines.  Several  different  strains  of  brome 
grass  have  been  isolated,  but  from  present  indications  this  plant  does 
not  appear  to  be  very  promising  for  this  region.  Such  alfalfa  selec- 
tions as  have  been  made  have  been  interrupted  by  the  failure  of  the 
plants  to  set  seed  under  our  conditions.  It  would  seem  from  the 
observations  thus  far  made  that  the  first  step  in  any  experiment  in 
the  improvement  of  alfalfa  for  growth  in  New  York  State  must  be 
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directed  toward  developing  strains  that  will  uniformly  set  seed  under 
these  conditions. 

The  experiments  with  cowpeas  are  still  under  way  and  it  is  be- 
lieved that  early  strains  which  will  mature  seed  in  this  latitude  can 
ultimately  be  obtained. 

ADAMS   act  research 

The  work  on  projects  outlined  under  the  Adams  Act  has  been 
continued  in  accordance  with  the  plans  stated  in  previous  reports. 
Many  interesting  results  have  already  been  obtained  and  are  being 
published  as  rapidly  as  possible. 

Studies  on  variation, —  In  starting  the  work  of  this  department 
in  1907,  it  was  conceived  that  the  most  important  problem  in  the 
field  of  breeding  was  to  determine  what  factors  influenced  variations 
and  what  could  be  done  by  man  to  lead  or  to  force  plants  to  vary 
in  the  direction  of  producing  variations  of  value  in  cultivated  sorts. 
Variation  is  fundamental  in  the  starting  of  any  line  of  breeding 
and  without  variation  no  advance  can  be  made.  The  greater  part 
of  the  energy  of  the  department  has  therefore  been  directed  to 
detaining  further  knowledge  of  this  subject. 

The  special  problems  under  investigation  which  are  covered  by 
this  general  heading  were  stated  in  previous  reports  and  need  not  be 
described  here. 

Experiments  to  test  the  so-called  Knight's  Law,  that  high  feeding 
increases  the  range  of  variations,  have  been  conducted  by  Dr.  H.  H. 
Love,  and  the  results  were  published  during  the  year  in  Bulletin  297. 
A  similar  series  of  experiments,  which  will  probably  be  concluded 
within  the  next  year,  are  being  carried  on  by  Clyde  H.  Myers,  an 
instructor  in  the  department. 

Some  very  interesting  experiments,  conducted  by  Mr.  R.  J.  Evans, 
have  been  in  progress  for  some  time  to  test  the  effect  of  temperature 
changes  in  producing  variation;  a  wild  plant,  clutch  weed  (Stcllaria 
media),  is  being  used  in  the  investigation.  The  results  of  this 
study  will  probably  soon  be  ready  for  publication. 

Another  extended  undertaking  in  this  field  is  a  study  of  the  varia- 
tion in  the  common  ox-eye  daisy  (Chrysanthemum  leucanthemum), 
which  is  being  conducted  by  Doctor  Love.  Here  a  study  of  the  varia- 
tions in  different  habitats  is  being  made  and  the  different  biotypes 
isolated. 

Studies  on  the  laws  of  inheritance. —  The  studies  of  hybrids  and 
of  the  segregation  and  inheritance  of  characters  are  being  con- 
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tinued  and  extended  as  rapidly  as  possible.  Doctor  Gilbert's 
experiments  with  hybrid  tomatoes,  phloxes,  salpiglossis,  and 
morning  glories  are  practically  completed  and  are  being  prepared 
for  publication.  Particularly  interesting  results  have  been  ob- 
tained in  these  experiments  on  the  inheritance  of  size  in  tomatoes. 

A  similar  study  is  in  progress  with  peppers.  This  is  being 
conducted  on  a  fairly  extensive  scale,  the  pepper  furnishing  a 
number  of  contrasted  characters  in  the  numerous  varieties  and 
affording  a  fine  field  for  the  study  of  problems  of  inheritance. 
Such  characters  as  yellow  and  red  color,  erect  and  reversed  fruit, 
presence  or  absence  of  chlorophyll  in  the  young  fruit,  and  pres- 
ence or  absence  of  pungency,  segregate  and  are  inherited  in  Men- 
delian  proportions.  In  these  experiments  special  attention  is 
also  being  given  to  the  inheritance  of  body  characters,  such  as 
erect  or  horizontal  branching,  large  or  small  branches,  and  many 
or  few  branches,  characters  that  determine  the  form  and  size  of 
the  body  of  the  plant.  It  has  been  found  that  these  characters 
are  evidently  Mendelian  in  their  inheritance,  and  a  knowledge 
of  the  characters  and  of  their  transmission  allows  the  experi- 
menter to  produce  at  will  giant  or  dwarf  plants  that  reproduce 
their  characters  as  true  varieties. 

Another  interesting  fact  observed  in  connection  with  these  ex- 
periments is  that  in  the  third  generation  of  these  hybrids  many 
types  showing  intermediate  sizes  and  forms  of  fruit  are  apparently 
reproducing  these  intermediate  forms  true,  while  by  the  law  of  segre- 
gation they  would  be  expected  to  split  into  the  two  parental  types. 
The  explanation  of  this  phenomenon  has  not  yet  been  found. 

A  preliminary  publication  of  these  experiments  is  in  press,  and 
a  detailed  report  of  the  results  of  the  investigations  will  be  issued 
as  soon  as  possible. 

Other  Mendelian  studies  are  being  made  with  radishes,  petunias, 
browallias,  and  the  like,  and  many  data  of  interest  are  being 
accumulated. 

Studies  on  mutations  and  their  use  in  breeding, —  The  investiga- 
tion of  mutations  is  closely  connected  with  the  studies  of  varia- 
tion, as  we  do  not  yet  know  what  mutations  are  and  what  are  their 
causes.  The  most  important  studies  of  this  nature  under  way  are 
those  connected  with  the  timothy  breeding  work  and  the  study  of 
variations  in  the  daisy.  The  striking  variations  found  in  timothy, 
some  of  which  have  formed  the  basis  of  valuable  new  varieties, 
are  apparently  to  be  classed  as  mutations,  and  careful  studies  of 
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them  are  being  made  to  determine  what  they  are.  In  the  timothy 
studies  all  types  of  variations  are  being  isolated  and  studied  regard- 
less of  their  value,  in  order  to  secure  if  possible  some  idea  of  the 
nature  of  the  variations.  In  any  case  this  study  will  furnish  an 
extended  analysis  of  the  characters  of  timothy  and  of  their  com- 
bination in  different  races  now  found  existing  but  mixed  indis- 
criminately in  what  we  now  know  simply  as  timothy. 

In  the  daisy  a  large  number  of  strikingly  different  types  have 
been  found  to  exist,  which  are  probably  to  be  considered  as  muta- 
tions.   Tliese  are  being  isolated  and  studied. 

Studies  on  the  cumidative  aetion  of  selection, —  The  studies  on 
this  subject,  which  are  mainly  with  wheat,  are  being  continued 
but  have  thus  far  yielded  no  results  of  importance.  Work  of  this 
nature  must  be  carried  on  through  many  generations  before  any 
deductions  can  be  made. 

Correlation  of  characters. —  It  is  very  important  in  breeding 
work  to  know  the  interrelations  of  characters,  and  when  characters 
are  markedly  correlated  much  time  may  be  saved  in  selection  by  a 
knowledge  of  this  fact.  Correlation  studies  have  been  made  with 
wheat,  oats,  corn,  and  various  plants,  considering  a  number  of 
characters  but  directed  mainly  to  determine  what  characters  are 
correlated  with  yield,  in  order  that  the  expression  of  these  charac- 
ters may  be  used  in  selection  as  an  index  of  the  probable  yield. 
Several  papers  giving  results  of  such  studies  by  members  of  the 
staff  and  by  graduate  students  are  now  in  manuscript  and  will 
soon  be  published. 

Studies  on  bud  Variation. —  The  principal  line  of  investigation 
under  this  subject  is  concerned  in  determining  the  range  of  bud 
variation  in  potato  families  developed  from  a  single  tuber  and  form- 
ing what  may  be  called  a  pure  tuber  line.  Careful  selections  of 
variations  in  yield  and  in  shape  of  tubers  within  such  pure  lines  are 
being  made  in  order  to  determine  whether  such  variations  as  may 
be  observed  are  inherited,  and  whether  advance  in  different  direc- 
tions may  be  effected  by  selection.  A  knowledge  of  this  subject 
lies  at  the  foundation  of  the  practice  of  hill  selection  of  potatoes, 
as  mentioned  previously  in  this  report,  and  definite  knowledge  is 
very  much  desired. 

EXTENSION 

No  special  extension  funds  have  been  available  for  the  use  of 
this  department  during  the  year  and  it  has  therefore  been  unable 
to  do  much  work  of  this  nature. 
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A  considerable  number  of  lectures  and  demonstrations  have  been 
given  at  farmers'  meetings,  granges,  and  other  gatherings  by  mem- 
bers of  the  staff,  and  some  aid  has  been  furnished  in  connection 
with  the  farmers'  institute  work  of  the  State  Department  of 
Agriculture. 

The  department  put  up  an  educational  exhibit  illustrating  par- 
ticularly tlie  timothy,  wheat,  oats,  com,  and  potato  breeding  experi- 
ments, which  was  shown  at  the  State  Fair  and  at  two  county  fairs. 
This  exhibit  attracted  considerable  attention  and  is  believed  to  have 
done  much  good  in  extending  a  knowledge  of  plant-breeding 
methods  and  in  stimulating  interest  in  this  subject. 

In  a  few  localities  we  are  now  starting  demonstration  experiments 
with  farmers  in  the  selection  of  potatoes  and  corn,  but  such  work 
must  be  done  in  a  considerable  number  of  places  to  accomplish  very 
noticeable  results. 

The  introduction  of  the  various  new  varieties  of  timothy,  oats, 
and  wheat  that  have  been  bred  by  the  department  will  be  one  of  the 
important  lines  of  work  of  the  department  for  the  next  few  years, 
and  this  is  to  be  considered  as  extension  work  rather  than  as  in- 
vestigation or  experimentation.  Extension  funds  have  now  been 
place;!  at  the  disposal  of  the  department,  and  the  introduction  of 
the  new  sorts  will  be  carried  on  in  connection  with  this  division  of 
our  work. 

The  department  is  planning  to  inaugurate  a  series  of  coopera- 
tive breeding  experiments  and  demonstrations  with  farmers, 
particularly  in  corn  and  potatoes,  which  will  serve  to  extend  a 
knowledge  of  the  methods  and  value  of  plant-breeding. 

PLANT-BREEDING  STAFF 

The  staff  of  the  department  has  remained  practically  the  same 
as  last  year,  the  only  change  being  the  addition  of  an  assistant, 
Mr.  M.  J.  Dorsey,  who  has  been  associated  with  Doctor  Gilbert 
in  the  teaching  work.  The  staff  throughout  the  year  has  there- 
fore consisted  of  one  professor,  two  assistant  professors,  and 
three  assistants. 

PUBLICATIONS 

The  following  articles  written  by  the  staff  and  graduate 
students  of  the  Plant-Breeding  Department  have  been  published 
or  were  in  manuscript  the  past  year: 
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H.  J.  Webber.  The  Improvement  of  the  Timothy  Crop.  An- 
nual Report  of  the  National  Hay  Association. 

H.  J.  Webber.  Preliminary  Notes  on  Pepper  Hybrids.  Annual 
Report  of  the  American  Breeders'  Asso- 
ciation. 

H.  J.  Webber.  The  Outlook  for  Plant-Breeding.  Transactions 
of  the  Massachusetts  Horticultural  Society. 

A.  W.  Gilbert.  The  Present  Status  of  Plant-Breeding  Instruc- 
tion in  the  United  States.  Annual  Report  of 
the  American  Breeders'  Association. 

A.  W.  Gilbert.  Mendelian  Study  of  Tomatoes.  Annual  Report 
of  the  American  Breeders'  Association. 

A.  W.  Gilbert.  Suggestive  Laboratory  Exercises  for  a  Course 
in  Plant-Breeding.  American  Breeders' 
Magazine. 

A.  W.  Gilbert.  Suggestions  for  an  Undergraduate  Course  in 
Plant-Breeding.  Annual  Report  of  the 
American  Breeders'  Association. 

A.  W.  Gilbert  and  G.  B.  Upton.  An  Algebra  of  Mendelism  and 
Its  Application  to  a  Mixed  Hybrid  Popula- 
tion. Annual  Report  of  the  American  Breed- 
ers' Association. 

H.  H.  Love.  A  Study  of  the  Large  and  Small  Grain  Ques- 

tion. Annual  Report  of  the  American  Breed- 
ers' Association.       ^ 

H.  H.  Love.  The    Relation    of    Certain    Ear    Characters  to 

Yield  in  Corn.  Annual  Report  of  the  Ameri- 
can Breeders'  Association. 

H.  H.  Love.  Studies  of  Variation  in  Plants.     Bulletin  297, 

Cornell  University  Agricultural  Experiment 
Station. 

E.  P.  Humbert.  A  Quantitative  Study  of  Variation,  Natural  and 
Induced,  in  Pure  Lines  of  Silene  noctiflora. 
Zeitschrift  fiir  Induktive  Abstammungs-  und 
Vererbungslehre. 

L.  R.  Waldron.  A  Large  and  Small  Grain  Experiment.  Annual 
Report  of  the  American  Breeders'  Asso- 
ciation. 

E.  C.  Ewing.  Correlation  of  Characters  in  Corn.  Bulletin 
287,  Cornell  University  Agricultural  Experi- 
ment Station. 
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C.  E.  Leighty.  The  Correlation  of  Characters  in  Oats  with 
Special  Reference  to  Breeding.  Annual  Re- 
port of  the  American  Breeders'  Association. 

M.  J.  Dorsey.  Variation  Studies  of  the  Venation  Angles  in 
Vitis.  Annual  Report  of  the  American 
Breeders'  Association. 

C.  H.  Myers.  Effect  of  Fertility  upon  Variation  and  Correla- 
tion in  Wheat.  Annual  Report  of  the  Ameri- 
can Breeders'  Association. 

R.  J.  Evans.  The  Effect  of  Temperature  on  Stellaria  media. 

Annual  Report  of  the  American  Breeders' 
Association. 

RECOM  MENDATIONS 

The  recommendations  made  last  year  may  be  repeated  this 
year  with  even  greater  emphasis.  The  principal  need  of  the 
department  is  for  more  laboratory  space.  The  temporary  quar- 
ters assigned  for  the  work  when  the  department  was  first  organ- 
ized still  remains  the  only  working  laboratory  available  for  the 
increased  staff  and  for  the  considerable  number  of  graduate 
students  who  have  come  here  for  this  work.  The  space  is  so 
limited  that  sufficient  desks  cannot  be  supplied  for  even  the 
graduate  students,  and  some  students  of  this  high  grade  are 
compelled  to  do  their  work  in  other  laboratories  or  at  their 
homes.  It  is  believed  that  a  much  larger  number  of  graduate 
students  are  taking  this  work  at  Cornell  than  at  any  other  uni- 
versity in  the  United  States.  At  present  it  is  impossible  to  fur- 
nish satisfactory  facilities  to  such  students,  and  dissatisfaction 
is  certain  to  result  if  the  conditions  cannot  be  improved. 

The  undergraduate  teaching  has  also  increased  with  surpris- 
ing rapidity,  the  various  courses  now  being  attended  by  about 
150  students.  While  a  temporary  laboratory  has  been  assigned 
for  this  work  for  certain  regular  laboratory  periods,  it  is  by  no 
means  satisfactory,  and  a  permanent,  properly  equipped  labora- 
tory is  greatly  needed. 

We  desire  to  emphasize  also  the  need  of  an  adequate  series 
of  bulletins  and  memoirs  in  which  the  researches  of  this  and  of 
other  departments  may  be  published.  This  material  should  be 
printed  on  good  paper  and  properly  illustrated.  In  some  cases 
colored  plates  are  necessary.  The  make-up  of  these  bulletins 
should  be  dignified  and  first  class  in  every  way,  so  as  to  com- 
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mand  the  respect  of  the  scientific  world  in  which  they  will  be 
primarily  read.  It  is  nearly  as  important  that  the  results  of 
scientific  research  should  be  adequately  reported  as  that  they 
should  be  made. 

Another  very  great  desideratum  is  a  fireproof  seed  storage 
building.  Plant-breeding  experiments  must  be  conducted  for 
many  years  in  order  to  obtain  results  of  value.  Every  winter 
large  quantities  of  seed  representing  the  experiments  must  be 
stored.  These  might  all  be  destroyed  by  fire  in  a  few  minutes, 
and  the  risk  is  great  as  we  are  now  compelled  to  store  them. 
Such  seed  may  represent  the  work  of  a  number  of  men  for  a 
number  of  years,  and  they  are  thus  of  very  great  value.  At  the 
present  time  no  suitable  space  of  any  kind  is  available  for  storage 
and  for  working  over  our  crops.  Material  must  be  handled  over 
and  over  again,  at  great  risk  and  loss  of  time.  We  have  no  cold- 
storage  cellars  where  root  crops  such  as  potatoes  may  be  han- 
dled, and  every  year  our  seed  potatoes  have  been  greatly  injured. 

The  conditions  of  crowding  in  both  the  teaching  and  the 
experimental  work  of  the  department  are  such  that  some  relief 
must  soon  be  found. 

II.  J.  WEBBER, 

Professor  of  Plant-Breeding, 
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During  the  period  covered  by  this  report  the  work  of  the 
Department  of  Plant  Physiology  has  been  primarily  in  teaching 
and  investigation,  although  a  definite  start  has  now  been  made 
toward  an  application  of  certain  phases  of  the  work  to  pressing 
practical  demands  of  the  State.  * 

The  staff  of  the  department  during  the  year  1910-1911  has  con- 
sisted of  one  professor,  one  instructor,  two  assistants,  and  one 
fellow.  A  detailed  consideration  of  the  different  phases  of  the 
work  is  given  below: 

TEACHING 

As  in  the  previous  year  the  demand  for  course  work  was 
greater  than  could  possibly  be  met  with  the  laboratory  space 
available.  There  were  in  progress  during  the  first  semester  the 
following  courses,  with  registration  in  each  as  indicated : 

Course  Hours  Registration 

Physiology    7 4  50  (about     40 

exclusions) 
Physiology    8   4  22  (5  not  ac- 

commodated) 

Cell  Physiology    12 3  9 

Seminar   16 i  22 

Research  (Majors  and  Minors) 25 

(One  half,  one  third,  or  one  quarter  of  the  whole  time). 

Of  the  graduate  students  many  have  been  permitted  to  devote 
a  certain  part  of  their  time  to  advanced  courses,  but  the  total 
number  of  hours  per  week  taken  by  majors  and  minors  has  ex- 
ceeded 150.  The  registrations  in  Course  7  were  permitted  to 
reach  a  number  amounting  to  a  little  more  than  one  half  the 
total  number  applying  for  the  work. 

The  crowding  of  the  graduate  work  during  the  first  semester 
made  it  necessary  to  omit  Course  3,  Crop  Ecology,  which  had 
been  offered  in  previous  years.  The  registrations  during  the 
second  semester  were  as  follows: 

[Ix] 
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Course  Hours    Registrations 

Physiology    8 4  19 

General  Seminar    16 i  23 

Cell  Physiology  12 3  7 

Physiology    15 3  (or  I  )9 

Cytology  Seminar    17 i  14 

Research  (Majors  and  Minors) 27 

It  will  be  noted  that  the  number  of  applications  for  work 
in  Course  7  during  1910-1911  exceeds  the  estimates  made  by  this 
department  respecting  the  probable  rate  of  increase  during  the 
ten-year  period.  It  is  altogether  probable  that  the  maximum 
number  that  can  be  accommodated  during  the  first  term,  with  the 
additional  laboratory  extensions  now  provided,  may  be  reached 
in  1912-1913.  Attention  should  also  be  called  to  Course  15, 
which  is  the  first  special  work  in  fermentation  offered  by  the 
department. 

investigation 

The  work  of  investigation  has  been  conducted  in  large  part  by 
the  members  of  the  staff,  but  the  more  important  lines  of  general 
interest  undertaken  by  candidates  for  advanced  degrees  are  also 
mentioned  in  the  following  summary: 

Principal  investigations  and  experiments  of  the  past  year, —  The 
injurious  action  of  mineral  nutrients  used  singly  and  the  relation 
of  one  to  another  as  antagonistic  agents  has  been  studied,  the 
work  having  been  continued  from  the  previous  year  and  brought 
to  a  practical  conclusion.  A  paper  on  this  topic,  by  Mr.  McCool, 
was  presented  before  the  American  Chemical  Society  in  Minne- 
apolis last  December. 

An  investigation  of  the  effect  of  manganese  on  plants  and  the 
value  of  other  minerals  in  antidoting  this  action  has  also  been 
continued  by  Mr.  McCool,  and  it  is  expected  that  this  investiga- 
tion will  be  completed  within  a  few  months. 

The  problem  of  nitrogen  fixation  by  mold  and  other  fungi  of 
decay,  mentioned  in  earlier  reports,  has  been  finished  so  far  as  it 
is  desirable  to  continue  the  work  at  present.  A  report  on  this 
work  was  presented  before  the  Botanical  Society  of  America  in 
December,  1910. 

Doctor  Knudson  has  made  a  study  of  the  growth  relations  in 
larch  with  special  reference  to  the  laying-down  of  new  wood  and 
the  effect  on  this  of  seasonal  factors. 
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The  investigation  of  the  fermentation  of  tannic  acid  from  gall 
nuts,  by  Doctor  Knudson,  has  been  practically  completed.  The 
results  of  this  work  have  been  presented  before  the  American 
Chemical  Society  and  the  Botanical  Society  of  America,  and  these 
results  are  now  ready  for  publication  in  two  parts:  (a)  the 
relation  of  various  funp  to  tannic  acid  fermentation,  and  (b)  the 
regulatory  formation  of  the  enzyme  tannase. 

A  study  of  gummosis  of  peach  and  other  plants  made  by  Dr. 
Ormond  Butler,  referred  to  in  earlier  reports,  has  been  published 
under  the  title,  "  A  Study  on  Gummosis  of  Prunus  and  Citrus, 
with  Observations  on  Squamosis  and  Exanthema  of  the  Citrus  " 
(Annals  of  Botany,  Vol.  25,  pp.  108-153). 

A  paper  by  Mr.  Dorsey  on  "  Variation  in  the  Floral  Organs  of 
the  Grape  "  is  now  in  process  of  publication,  thus  completing  the 
study  begim  in  1909.  A  greenhouse  study  of  the  effects  of  cer- 
tain conditions  on  cotton,  by  Dr.  H.  K.  Fung,  has  led  to  an  inves- 
tigation of  a  type  of  meteorstat  in  which  plants  may  be  grown 
under  constant  moisture  and  temperature  conditions.  This 
device  promises  to  be  of  much  value  in  other  investigations. 

Studies  on  the  respiration  of  seedlings  have  led  to  an  exami- 
nation of  the  relation  of  respiration  to  the  keeping  of  fruits  under 
various  conditions,  as  mentioned  below. 

The  tomato  has  been  studied  with  respect  to  determining  pre- 
cisely some  of  the  factors  influencing  directly  the  development  of 
red  pigment. 

Mr.  Prucha  has  been  making  a  very  thorough  study  of  certain 
of  the  bacteria  of  legume  nodules,  with  the  view  of  working  out 
(a)  a  medium  by  which  these  bacteria  may  be  propagated  in 
quantity,  (b)  the  effect  of  conditions  upon  the  vitality  of  the 
organisms,  as  grown  for  distribution,  and  (c)  a  more  complete 
life  history  and  physiological  study  of  the  organisms. 

More  important  practical  or  scientific  results  of  the  work  of  the 
year. —  The  studies  of  the  relations  of  mineral  nutrients  have 
brought  out  very  clearly  the  necessity  of  balanced  solutions  for 
plants,  and  will  serve  as  a  further  practical  indicator  of  the  pre- 
cautions that  must  be  taken  in  applying  large  quantities  of  single 
fertilizers.  The  injurious  effect  of  manganese  has  been  shown 
to  be  manifest  largely  in  the  suppression  of  chlorophyll  develop- 
ment and  in  the  reduction  of  tops,  the  roots  being  very  slightly 
affected.  The  addition  of  lime  compounds  to  solutions  or  to 
soils  containing  too  much  manganese  is  the  best  means  found  for 
the  prevention  of  manganese  injury. 
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The  study  of  nitrogen  fixation  by  fungi  has  shown  that  the 
accumulation  of  nitrogen  in  the  soil  by  this  means  is  doubtless 
far  less  important  than  nitrogen  fixation  by  soil  bacteria,  and  it 
is  doubtful  if  it  is  of  practical  importance  to  determine  the  best 
conditions  under  which  the  fungi  produce  this  fixation. 

The  investigations  of  tannic  acid  fermentation  by  fungi  have 
shown  that  very  few  organisms  are  of  economic  importance  in 
this  work,  the  two  most  efficient  being  Aspergillus  niger  and 
Penicillium  sp.  It  has  also  been  shown  that  under  ordinary 
conditions  of  fermentation  much  of  the  desirable  product  (gallic 
acid)  is  lost  through  the  utilization  of  this  material  as  food  by 
the  fungi.  In  the  process  of  fermentation  the  addition  of  lo  per 
cent  of  sugar  prevents  the  organism  from  using  the  gallic  acid 
and  yields  a  maximum  of  the  product  desired.  The  principle  of 
food  election  thus  clearly  demonstrated  in  this  work  is  known 
in  a  few  other  cases,  and  will  doubtless  find  advantageous  ap- 
plication in  other  fermentative  processes. 

The  work  upon  gummosis  clearly  indicates  the  growth  condi- 
tions and  the  types  of  stimuli  needed  to  produce  the  disease 
^known  as  gum  flow.  In  general,  gummosis  may  be  produced  by 
any  wound  or  injury-inducing  stimulus  when  optimum  condi- 
tions for  the  growth  of  the  tree  are  present,  and  especially  when 
an  abundant  supply  of  water  is  provided. 

Through  a  study  of  the  ripening  of  green  tomatoes,  it  has  been 
demonstrated  that  thorough  ventilation  and  a  temperature  of 
about  25°  C.  are  the  important  factors  in  rapid  ripening.  Ap- 
parently light  is  important  only  as  aflfecting  temperature.  A 
very  low  temperature,  and  more  particularly  a  constant  tempera- 
ture of  32**  C.  or  above,  suppresses  entirely  the  development  of 
red  pigment  and  produces  a  yellow  tomato  instead.  The 
absence  of  oxygen  likewise  prevents  red  pigmentation.  Lycopin 
development,  or  red  pigmentation,  is  independent  of  the  develop- 
ment of  carotin,  the  yellow  pigment.  A  yellow  tomato  is  to  be 
looked  on  as  deficient  in  some  factor  or  factors  necessary  to 
produce  red.  A  tomato  in  which  the  red  color  has  been  sup- 
pressed will  become  red  on  being  placed  for  a  few  days  under 
favorable  conditions. 

The  investigation  of  certain  bacteria  of  legume  nodules  has 
already  yielded  results  that  seem  to  oflFer  a  considerable  oppor- 
tunity for  practical  development.  The  organism  grows  with 
great  rapidity  in  sterilized  soil,  and  when  grown  under  favor- 
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able  conditions  it  would  seem  that,  in  further  field  inoculation, 
a  very  small  quantity  of  these  pure  soil  cultures  might  replace 
several  hundred  pounds  of  a  field  soil  such  as  is  commonly  used 
(from  a  field  that  has  previously  grown  the  particular  legume). 
Special  attention  is  being  given  to  the  capacity  of  these  bacteria 
to  live  on  subsequent  drying,  since  the  dried  organism  would  be 
more  conveniently  distributed.  The  results  thus  far  obtained 
are  most  promising. 

Important  projects  recently  inaugurated. —  In  addition  to  the 
work  mentioned  above,  some  of  which  is  still  in  progress,  the 
following  topics  may  be  noted:  (a)  an  investigation  of  peach 
yellows,  apparently  the  most  serious  disease  of  this  fruit  in  west- 
ern New  York ;  and  (b)  a  study  of  the  respiration  of  fruits  with 
special  reference  to  the  eflFect  of  certain  gases,  ventilation,  etc., 
on  keeping  qualities. 

extension 

The  extension  work  has  been  to  a  large  extent  in  the  form  of 
correspondence.  As  stated  above,  however,  the  investigations 
on  the  life  history  of  the  bacteria  of  leguminous  nodules,  and  on 
the  methods  of  culturing  and  distributing  these  organisms,  have 
been  undertaken  primarily  in  order  to  secure  information  that 
\vill  enable  this  department  to  undertake  to  assist  growers  in  the 
rather  difficult  matter  of  soil  inoculation  for  legtimes. 

B.  M.  DUGGAR, 

Professor  of  Plant  Physiology, 
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TEACHING 


During  the  past  year  instruction  was  offered  in  seven  dififerent 
courses.  Two  of  the  alternating  practical  courses  were  omitted 
because  of  lack  of  space  and  of  time.  The  teaching  staff  consisted  of 
five  members,  as  in  the  previous  year.  The  number  of  students 
taking  work  in  the  department  was  169,  of  whom  43  were  winter- 
course  students  and  126  were  registered  in  the  regular  and  graduate 
courses.  The  decrease  in  the  number  of  regulars,  as  compared  with 
the  previous  year,  is  due  chiefly  to  the  fact  that  the  course  on  fruit 
diseases  in  the  second  term  was  not  given.  The  number  of  graduate 
students  taldng  work  in  the  department  again  shows  an  increase 
this  year  (1910-1911).  Twelve  men  were  registered  for  the  doctor- 
ate with  a  major  in  Plant  Pathology  and  fifteen  with  a  minor  in  the 
department,  one  with  a  major  for  M.S.A.  and  one  with  a  minor. 
'J'his  increase  in  graduate  students  is  due  in  part  to  the  larger  num- 
ber of  Industrial  fellowships  established  in  the  department  aaid  in 
part  to  a  greater  demand  for  trained  pathologists  in  the  various 
agricultural  colleges  and  experiment  stations. 

As  for  the  undergraduate  work,  the  same  deplorable  condition 
exists  as  did  the  previous  year,  namely,  lack  of  sufficient  space  to 
accommodate  all  of  the  students  applying  for  admission  to  the 
elementary  courses.  In  1909-1910,  25  students  were  refused  admis- 
sion on  this  account,  while  in  the  year  just  closed  approximately 
40  had  to  be  turned  away.  The  necessity  for  a  course  in  plant 
diseases  for  special  students  is,  perhaps,  more  urgent  than  it  was 
last  year,  especially  since  prescribed  courses  have  become  congested. 
It  is  felt  that  aM.I(litional  floor  space,  equipment,  and  maintenance 
are  an  urgent  neeii  of  the  department  in  order  to  provide  for  these 
students. 

INVESTIGATION 

Very  satisfactory  progress  has  been  made  in  the  various  lines  of 
investigation.  Some  of  the  work  has  been  brought  to  a  conclusion 
and  several  new  projects  have  been  undertaken.  In  practically 
every  case  the  investigation  has  been  accompanied  by  field  experi- 
ments, the  work  being  conducted  from  a  field  laboratory,  twelve  of 
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which  were  m  operation  during  the  past  summer.    The  invcstigfator 
thus  gives  at  least  eleven  months  of  the  year  to  the  work. 

Lime-sulfur  as  a  fungicide, —  This  work,  which  was  carried  on  by 
Dr.  E.  Wallace  as  a  fellow  on  the  Niagara  Sprayer  Company  Fel- 
lowship, has  been  brought  to  a  close.  The  use  of  lime-sulfur  as  a 
substitute  for  bordeaux  mixture  in  orchard  spraying  has  become 
almost  universal  throughout  the  State.  It  is  felt  that  this  is  due, 
to  a  considerable  extent,  to  the  experiments  conducted  by  Doctor 
Wallace  and  published  as  Bulletin  289. 

In  this  connection  Doctor  Wallace  had.  an  opportunity  to  investi- 
gate and  compare  the  various  kinds  of  injury  to  foliage  following 
the  application  of  various  spray  substances.  A  report  on  the  subject 
has  been  published  as  Bulletin  288. 

A  method  of  testing  the  relative  fungicidal  values  of  various 
spray  mixtures  has  been  developed  and  amplified  by  Doctor  Wal- 
lace. This  method,  together  with  the  experimental  data  in  its  sup- 
port, has  been  described  in  Bulletin  290. 

Grape  disease  investigations. —  The  field  work  on  black  rot  has 
been  continued  as  in  former  years.  A  succession  of  dry  seasons 
has  made  impossible  a  satisfactory  test  of  control  measures.  Work 
on  the  life  history  of  the  parasite  causing  the  disease  has  culminated 
in  the  publication  of  a  monographic  treatise  on  the  subject,  Bulletin 
293.  Bulletin  296,  giving  the  results  of  experiments  in  1909  and 
1910  for  the  control  of  black  rot,  has  been  issued. 

The  grape  spraying  work  is  in  immediate  charge  of  Mr.  Charles 
Gregory,  assistant  in  the  department,  who  has  also  begun  investiga- 
tions on  the  life  history  of  the  grape  downy  mildew. 

Bean  disease  investigations.— These  studies  have  been  continued 
by  Dr.  M.  F.  Barrus,  now  Assistant  Professor  in  the  department. 
Some  of  the  work  has  been  done  on  the  farms  of  the  Burt  Olney 
Canning  Company  of  Oneida,  N.  Y.,  but  this  year  more  of  the  in- 
vestigation has  been  carried  on  in  the  disease  garden  at  the  College. 
Continued  tests  of  varieties  of  beans  for  resistance  to  or  immunity 
from  anthracnose  have  been  made.  In  the  last  report  it  was  stated 
that  several  varieties  resistant  to  anthracnose  had  been  found.  It  is 
now  known  that  there  are  several  strains  or  races  of  the  anthrac- 
nose ifungus,  all  of  which  do  not  have  the  same  ability  to  infect.  Of 
the  160  varieties  of  beans  grown  in  the  experimental  plats,  all 
proved  susceptible  to  some  one  of  the  strains  of  the  fungus.  The 
results  of  these  inoculation  experiments  again  call  attention  most 
forcibly  to  the  fact  that  there  are  many  difficulties  in  the  way  of 
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developing  resistant  varieties,  and  we  may  find  here  an  explanation 
of  those  cases  in  which  resistance  has  been  lost  on  transfer  to  a 
new  locality. 

A  monographic  treatment  of  the  bean  anthracnose  disease,  its 
nature,  cause,  and  control,  is  in  preparation. 

Nursery  disease  investigations, — Mr.  V.  B.  Stewart  has  con- 
tinued work  along  this  line  and  has  had  the  assistance,  through  the 
summer,  of  Messrs.  J.  L.  Weimer  and  L.  M.  Massey.  This  past 
year  the  work  has  been  supported  jointly  by  the  Stuart  Nursery 
Company  of  Newark  and  Chase  Brothers  Nursery  Company  of 
Rochester.  An  excellent  opportunity  was  afforded  to  test  out  the 
practicability  of  the  methods  of  controlling  fire  blight  outlined  in 
a  previous  report.  By  careful  inspection  and  by  the  removal  of  dis- 
eased shoots  and  the  disinfection  of  the  pruned  stubs,  a  great  sav- 
ing of  apples,  quinces,  and  pears  was  effected. 

Some  experimental  work  on  the  control  of  Icnf  spot  of  cherries 
and  plums  by  means  of  spraying  shows  that  opportune  applications 
of  lime-sulfur  will  satisfactorily  control  this  serious  trouble. 

Ginseng  diseases. —  The  ginseng  growers,  as  in  former  years,  have 
come  forward  with-  financial  support  for  continuing  a  study  of  the 
nature  and  control  of  the  diseases  of  this  special  crop.  A  collabora- 
tion has  been  established  with  the  Department  of  Truck  Crop  Dis- 
ease Investigations  of  the  United  States  Department  of  Agriculture, 
whereby  all  of  the  ginseng  disease  work  will  be  done  at  this  Station. 

Extensive  experiments  on  the  control  of  root  rots,  rust,  and 
nematodes  have  been  started  and  considerable  time  has  been 
given  to  a  study  of  the  life  history  of  the  organisms  concerned. 
Mr.  J.  Rosenbaum  has  been  appointed  Special  Assistant  in  the 
department  to  carry  this  work.  A  field  laboratory  was  estab- 
lished at  Scott,  N.  Y.,  at  which  point  much  of  the  life  history 
and  soil  sterilization  work  has  been  done. 

The  use  of  sulfur  and  its  compounds  as  a  fungicide.— ^  Two  dis- 
tinct lines  of  work  are  being  pursued  under  industrial  fellow- 
ships established  by  the  Union  Sulphur  Company  of  New  York 
City.  Mr.  C.  N.  Jensen  is  making  a  special  study  of  the  fungous 
flora  of  the  soil.  It  is  hoped  that  in  this  way  some  satisfactory 
basis  for  further  experimentation  on  the  control  of  root  and 
tuber  diseases  may  be  developed.  A  number  of  series  of  experi- 
ments to  determine  the  fungicidal  properties  of  sulfur  and  its 
method  of  action  have  been  made.  These  have  been  in  the 
laboratory,  greenhouse,  and  field.     While  some  satisfactory  re- 
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suits  have  been  obtained,  much  still  remains  to  be  done  on  this 
problem.  Some  very  satisfactory  results  have  been  obtained 
from  the  application  of  sulfur  to  a  clay  soil  in  Steuben  county, 
for  the  control  of  potato  scab.  Further  work  on  this  problem  is 
necessary,  however. 

Mr.  F.  M.  Blodgett  has  been  conducting  experiments  on  the 
control  of  various  fruit  and  foliage  diseases  by  means  of  dry 
sulfur  dusted  on  the  plants.  Gratifying  results  in  the  control 
of  hop  mildew  have  resulted.  Extensive  experiments  in  dusting 
apples  for  scab  and  peaches  for  brown  rot  yielded  no  results  on 
account  of  the  dearth  of  these  diseases  the  past  year. 

Eifect  of  cement  dust  on  setting  of  fruit. —  Mr.  P.  J.  Anderson  has 
made  this  investigation  under  the  Ten  Broeck  Fellowship,  estab- 
lished by  Mr.  Wessel  Ten  Broeck,  Hudson,  N.  Y.  The  dust 
issuing  from  the  cement  mills  has  been  found  to  contain  a  high 
percentage  of  calcium  oxide.  Tests  have  been  made  which  show 
that  this  substance  prevents  ix>Ilen'  germination  even  in  very 
dilute  solution,  and  that  it  has  a  deleterious  effect  on  the  stig- 
matic  surfaces  of  the  blossoms  of  many  plants.  This  work  has 
been  closed  owing  to  the  installation  of  the  "  wet "  process  at 
the  mills. 

Chestnut  bark  disease. —  Studies  of  this  most  serious  tree  disease 
have  been  made  by  Mr.  W.  H.  Rankin,  holder  of  the  John  Davey 
Fellowship,  established  by  the  Davey  Tree  Expert  Company, 
Kent,  Ohio.  In  cooperation  with  the  Department  of  Forest 
Pathology  in  the  Bureau  of  Plant  Industry  of  the  United  States 
Department  of  Agriculture,  the  New  York  State  Conservation 
Commission,  and  the  New  York  State  Department  of  Agricul- 
ture, a  careful  survey  of  the  extent  of  the  chestnut  bark  disease 
in  this  State  has  been  made. 

Investigation  of  the  diseases  and  insect  pests  of  fruit  and  fruit 
trees. —  This  investigation  is  supported  by  the  Byron  Fruit  Growers 
Association,  South  Byron,  N.  Y.  The  work  is  being  done  by 
Mr.  L.  R.  Ilesler,  Fellow,  under  the  joint  direction  of  the  depart- 
ments of  Plant  Pathology  and  Entomology.  Special  attention 
has  been  given  to  the  fungus  causing  the  New  York  apple  tree 
canker.  A  series  of  inoculation  experiments  with  many  strains 
of  the  organism  causing  this  disease,  as  well  as  with  many  associ- 
ated organisms,  has  been  instituted.  In  connection  with  the  con- 
trol of  these  cankers  special  attention  has  been  given  to  tree 
surgery  methods.  These  experiments,  of  a  necessity,  will  be 
extended  over  a  considerable  period  of  time. 
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Investigation  of  the  diseases  of  fruit  and  fruit  trees,  with  special 
reference  to  the  various  fungicides  used  in  the  control  of  these  dis- 
eases. —  This  investigation  has  been  undertaken  by  Mr.  George  A. 
Osner,  one  of  the  two  fellows  on  the  Bethany-Batavia  Fellow- 
ship, established  by  the  Bethany-Batavia  Fruit  Growers  Asso- 
ciation. 

Investigation  of  truck  crop  diseases, —  This  work  has  been  under- 
taken with  special  reference  to  the  control  of  onion  blight  and 
of  the  onion  thrips,  and  is  under  the  joint  direction  of  the  depart- 
ments of  Plant  Pathology  and  Entomology.  The  work  is  being 
done  by  Mr.  I.  C.  Jaggcr  on  the  W.  C.  Rogers  Fellowship,  estab- 
lished by  Mr.  W.  C.  Rogers,  Williamson,  N.  Y.  The  scarcity 
of  onion  blight  made  the  experimental  work  on  its  control  un- 
satisfactory. 

Very  satisfactory  results  were  obtained  in  spraying  celery  for 
leaf  blight.  Considerable  attention  was  given  to  a  study  of 
lettuce  diseases.  At  least  six  distinct  diseases  have  been  found, 
four  of  which  are  proving  destructive. 

Gladiolus  disease  investigations, —  The  work  on  gladiolus  diseases 
begun  by  Doctor  Wallace  was  continued  by  Mr.  H.  M.  Fitzpat- 
rick.  The  pathogenicity  of  several  of  the  fungi  found  associated 
with  bulb  rots  has  been  tested.^  Some  of  these  fungi  which  have 
heretofore  remained  sterile  have  been  brought  into  fruiting  con- 
dition. These  are  now  being  classified,  though  with  some 
difficulty. 

Crown  gall, —  Experiments  have  been  instituted  to  determine  the 
effect,  under  New  York  conditions,  of  crown  gall  on  apples  and 
peaches.  Observations  on  this  will  obviously  extend  over  a  long 
period  of  time. 

Investigation  of  the  fungicidal  value  of  sulfate  of  iron. —  Mr.  P.  J. 
Anderson  has  succeeded  Doctor  Wallace  in  an  investigation  of 
the  fungicidal  value  of  sulfate  of  iron  under  the  American  Steel 
and  Wire  Company  Investigatorship,  provided  by  the  American 
Steel  and  Wire  Company  of  Chicago,  111. 

The  study  was  not  begun  until  late  and  the  season  has  not 
proven  very  satisfactory  for  such  work.  Encouraging  results 
have  been  obtained,  however,  by  the  use  of  sulfate  of  iron  against 
the  anthracnose  of  raspberries.  The  dormant  application  proved 
most  effective.  It  has  also  been  found  that  sulfate  of  iron  added 
to  lime-sulfur  solution  for  suinmer  spraying  reduces  the  burning 
qualities  of  each  to  such  an  extent  that  quite  strong  solutions 
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may  be  used  without  injury  on  foliage  as  tender  as  that  of  the 
peach.  Unfortunately,  both  apple  and  peach  diseases  were  very 
rare  this  year,  so  that  a  practical  test  of  the  combination  could 
not  be  made. 

EXTENSION 

The  extension  work  of  the  department  has  been  distributed  as 
follows:  Teaching,  demonstration,  exhibits,  lectures,  and  corre- 
spondence. 

1.  Teaching. —  During  the  year  1910-1911  a  course  in  plant  dis- 
eases was  offered  to  winter-course  students.  This  consisted  of 
two  lectures  and  two  laboratory  periods  each  week.  Since  many 
of  the  students  were  not  familiar  with  plant  anatomy,  the  first 
four  weeks  were  devoted  to  this  subject  before  entering  upon 
the  work  in  plant  diseases. 

One  member  of  the  instructing  staff  devoted  a  week  of  his 
time  to  instruction  in  plant  diseases  at  an  extension  school  in 
agriculture  held  at  Riverhead,  L.  I.  About  40  persons  took  the 
work. 

A  four  days  course  in  plant  diseases  was  offered  to  summer 
school  students.  Twenty  students  registered  and  13  took  the 
laboratory  work. 

During  Farmers'  Week  lectures  were  given  on  the  subjects  of 
"  The  Theory  of  Spraying "  and  "  The  Comparative  Value  of 
Bordeaux  and  Lime-sulfur  as  a  Summer  Spray."  Practice  work 
was  offered  three  afternoons  of  the  week.  The  meetings  were 
largely  attended. 

A  three-days  ginseng  school  was  held  at  Scott,  N.  Y.,  March 
16-18,  where  instruction  was  given  in  ginseng  diseases  by  talks 
and  practice  work.     Twenty  persons  were  in  regular  attendance. 

Instruction  consisting  of  lectures  and  practice  work  on  the 
diseases  of  ginseng  was  offered  to  the  visitors  at  the  annual 
meeting  of  the  New  York  State  Ginseng  Growers'  Association 
held  at  the  College  of  Agriculture  on  April  26  and  27.  An  ex- 
hibit of  ginseng  diseases  was  also  provided. 

2.  Demonstration. —  Many  demonstrations  have  been  conducted 
during  the  year  in  connection  with  the  field  laboratories.  The 
work  of  the  Fellows  in  the  various  localities  where  their  experi- 
ments have  been  conducted  has  served  as  an  object  lesson  to 
growers  in  those  places.  The  Fellows  themselves  have  had  the 
opportunity  of  meeting  many  growers,  of  explaining  the  nature 
of  their  experimental  work,  and  of  answering  numerous  inquiries 
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regarding  the  control  of  the  diseases  of  various  crops.  The  pres- 
ence of  the  investigator  in  the  country  districts  and  the  character 
of  his  work  there  is  doing  much  to  remove  the  prejudice  that 
some  persons  have  toward  such  work,  and  to  bring  about  a  better 
understanding  of  the  aim  and  activities  of  the  College  of 
Agriculture. 

3.  Exhibits, —  Exhibits  of  the  common  diseases  of  fruit,  field,  and 
garden  crops,  and  of  the  methods  used  in  the  control  of  diseases, 
were  made  at  the  annual  meetings  of  the  Western  New  York 
Horticultural  Society  and  of  the  State  Fruit  Growers'  Associ- 
ation. Exhibits  were  also  made  at  the  State  Fair  and  at  the 
Genesee  county  fair.  An  exhibit  of  the  diseases  of  gladjolus 
bulbs  was  made  at  the  annual  meeting  of  the  Society  of  American . 
Florists,  held  at  Baltimore. 

4.  Lectures. —  Lectures  on  some  phase  of  plant  disease  work  have 
been  given  by  the  members  of  the  staff  at  the  farmers*  institutes, 
at  meetings  of  horticultural  societies,  and  before  granges,  im- 
provement societies,  farmers'  clubs,  and  other  agricultural  or- 
ganizations. The  demand  for  lectures  of  this  kind  is  increasing, 
and  while  they  are  doubtless  entertaining  and  to  an  extent  in- 
structive they  cannot  have  the  educational  value  of  demonstra- 
tion meetings  or  of  local  teaching  work. 

Twenty-two  different  localities  in  all,  representing  11  counties 
of  the  State,  have  been  visited  by  members  of  this  department 
during  the  year  1910-1911.  A  total  of  46  meetings  have  been 
held,  in  some  cases  these  meetings  extending  throughout  the 
entire  day. 

5.  Correspondence, —  The  correspondence  of  the  department  is 
large,  3,873  letters  having  been  written  this  year  in  addition  to 
a  considerable  number  of  circular  letters  which  were  sent  out.  A 
large  percentage  of  the  correspondence  was  in  reply  to  inquiries 
regarding  the  control  of  plant  diseases. 

RECOM  MENDATIONS 

The  most  urgent  necessity  of  the  department  continues  to  be 
increased  floor  space.  With  a  much  larger  registration  in  all 
courses  and  with  many  new  investigations  to  be  conducted,  we 
have  no  additional  rooms  for  the  extra  work.  All  the  activities 
of  the  department  during  the  winter  season,  when  our  field  labo- 
ratory men  are  here,  have  necessarily  been  confined  to  a  floor 
space  of  approximately  45  by  60  feet  and  a  half  a  story  high,  with 
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partitions  only  to  the  height  of  one's  head  and  not  reaching  the 
ceiling.  With  two  or  three  typewriters  constantly  in  operation, 
with  so  students  doing  laboratory  work,  photographing,  making 
culture  media,  etc.,  all  in  practically  the  same  room  at  the  same 
time,  it  is  fair  to  say  that  the  best  work  cannot  be  done. 

Next  in  importance  to  the  need  for  room  is  the  necessity  for 
a  larger  maintenance  fund  for  the  department.  The  funds  avail- 
able for  the  past  year  were  wholly  inadequate,  not  only  for  the 
work  demanded  of  us  but  also  for  the  work  that  had  to  be  carried 
along,  so  that  by  July  i,  even  with  the  greatest  economy,  we  were 
practically  without  funds.  The  funds  for  the  coming  year  will 
not  by  any  means  meet  the  increased  demands.  A  substantial 
increase  in  the  general  maintenance  fund  of  the  department  is 
imperative  if  we  are  to  meet  the  legitimate  demands  made  upon 
us  by  the  growers  of  the  State.  The  opportunity  for  increased 
service  to  the  State  is  before  us  and  we  are  ready  and  anxious 
to  render  this  service.  Only  the  lack  of  necessary  means  with 
which  to  do  the  work  hinders. 

H.  H.  WHETZEL, 
Professor  of  Plant  Pathology. 
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TEACHING 


The  teaching  has  been  conducted  during  the  past  year  in  the  same 
general  manner  as  in  previous  years  and  has  expanded  in  prac- 
tically all  lines.  The  total  number  of  credit  hours  of  instruction 
carried  by  the  department  was  970,  an  increase  of  54  per  cent  over 
the  preceding  year;  of  this  number,  726  hours  were  in  elementary 
courses  and  244  hours  in  advanced  courses,  showing  approximately 
the  same  distribution  as  in  the  preceding^  year.  Fourteen  graduate 
students  took  work  in  the  courses,  about  half  of  these  being  in 
the  elementary  work.  Ten  students  pursued  graduate  work,  dis- 
tributed as  follows :  Major  for  doctor's  degree,  5 ;  minor  for  doctor's 
degree,  2;  major  for  master's  degree,  2;  minor  for  master's  de- 
gree, I. 

The  laboratory  was  very  much  overcrowded  in  the  second  term, 
due  to  a  registration  of  150  students  in  Course  i.  To  relieve  this 
for  the  next  year  in  part  at  least,  the  individual  desk  space  has  been 
reduced  by  one  half  and  the  equipment  fundamentally  changed. 

George  A.  Crabb,  Instructor,  resigned  October  i,  and  the  work 
that  he  carried  was  distributed  among  several  assistants,  much  of 
it  being  taken  by  H.  O.  Buckman,  whose  marked  efficiency  in  super- 
vising the  elementary  laboratory  work  and  in  looking  after  the  in- 
terests of  the  students  we  desire  to  commend. 

INVESTIGATION 

Adams   Fund   Inrcstii^ations 

Under  the  Adams  Act  the  following  studies  were  conducted : 

1.  Influence  of  soil  moisture  and  temperature  on  the  availability 
and  utilization  of  plant  nutrients  in  the  soils. 

2.  A  study  of  the  composition  and  concentration  of  water  sol- 
uble material  of  the  soil  under  different  methods  of  soil  treatment. 

3.  Examination  of  certain  properties  of  an  unproductive  soil. 

4.  Investigation  of  the  conditions  under  which  lime  is  removed 
from  the  soil,  and  of  the  changes  that  accompany  such  removal. 

[Ixxiii] 
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Other  Experiments  and  Investigations 
Other  research  work  was  as  follows: 

1.  Examination  of  the  chemical  composition  and  of  certain  physi- 
cal properties  of  the  more  important  types  of  soil  in  the  State. 

2.  A  comparison  of  the  practices  of  fertilizing  for  hay  crops 
with  those  of  fertilizing  for  the  grain  crops  in  a  rotation  of  timothy 
or  timothy  and  clover  three  years,  followed  by  corn,  oats,  and  wheat 
each  one  year. 

3.  The  influence  of  the  application  of  calcium  in  certain  different 
chemical  combinations,  and  of  ground  limestone  in  different  degrees 
of  pulverization,  on  the  productiveness  of  certain  loam  and  clay 
soils. 

4.  Top  dressing  alfalfa  with  lime  and  manures  when  the  alfalfa 
has  been  seeded  for  several  years  and  has  begun  to  deteriorate  in" 
yield.  , 

5.  Continuous  cropping  of  land  with  maize  and  hay ;  the  latter 
crop  being  designed  to  maintain  the  supply  of  organic  matter  in 
the  soil,  but  omitting  entirely  a  return  of  mineral  matter  to  the 
soil  to  compensate  for  that  annually  removed  by  the  crops. 

6.  The  fertilizer  needs  and  lime  requirements  of  certain  muck 
soils. 

7.  The  use  of  fertilizers  on  a  nurse  crop  with  which  timothy 
and  timothy  and  clover  are  sown. 

Some  of  the  results  of  these  experiments  are  as  follows : 

1.  The  effect  of  a  leguminous  plant  in  increasing  the  nitrogen 
content  of  a  non-legume  growing  with  it  has  been  confirmed. 

2.  The  growth  of  alfalfa  increases  the  nitrifying  power  of  the 
soil  over  that  of  a  soil  growing  timothy. 

3.  The  hypothesis  previously  advanced  that  certain  non-legumes 
have  the  property  of  stimulating  nitrification  in  the  soils  during 
the  period  of  most  active  growth,  and  of  later  exerting  a  depress- 
ing effect  on  nitrate  formation,  has  been  supported  but  not  proven 
as  the  result  of  the  experiments  of  the  past  year. 

4.  It  was  stated  a  year  ago  that  certain  non-legumes  grown  on 
similar  soil  have  a  definite  relation  to  one  another  as  regards  the 
nitrate  content  of  the  soil  on  which  they  grow.  When  the  same 
soil  is  kept  bare  of  vegetation  the  year  following  the  growtli  of 
these  plants,  the  nitrate  content  of  the  soil  previously  growing  the 
crops  has  approximately  the  same  relative  values.  Tf  further  work 
confirms  this  indication  that  nitrification  in  a  soil  depends,  in  con- 
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siderabic  measure,  on  the  kind  of  plant  grown  on  the  soil  in  the 
previous  year,  it  may  furnish  some  important  information  on  the 
subject  of  crop  rotations. 

5.  Analyses  of  drainage  water  from  the  soil  tanks  showed  a 
much  greater  loss  of  calcium  from  the  uncropped  soil  than  from 
similar  soil  on  which  maize  and  oats  were  grown.  The  difference 
amounted  to  more  than  200  pounds  an  acre.  There  was  a  corre- 
sponding difference  in  the  loss  of  nitrates  from  these  tanks,  indicat- 
ing that  a  large  loss  of  nitrates  in  the  drainage  water  causes  a  large 
loss  of  lime.  The  quantity  of  calcium  used  by  crops  is  small  com- 
pared with  that  lost  by  uncropped  soils.  Several  hundred  per  cent 
more  calcium  is  removed  from  soil  growing  no  crop  than  from 
soil  on  which  a  crop  is  grown. 

6.  Fertilizing  for  a  nurse  crop  in  a  dry  season,  although  in- 
creasing the  yield  of  that  crop,  caused  a  poorer  stand  of  the  grass 
seeded  with  it. 

7.  Top  dressing  an  old  stand  of  alfalfa  with  (i)  farm  man- 
ure, (2)  superphosphate,  and  (3)  superphosphate  and  muriate  of 
potash  produced  a  larger  crop  in  each  case.  The  most  profitable 
treatment  consisted  in  the  use  of  100  pounds  of  superphosphate 
per  acre. 

Results  of  experiments  have  been  published  as  follows : 

"  The  Relation  of  Certain  Plants  to  the  Nitrate  Content  of  Soils," 
by  T.  Lyttleton  Lyon  and  James  A.  Bizzell.  Journal  of  the  Frank- 
lin Institute,  January  and  February,  191 1,  pp.  1-16,  205-228. 

"  Composition  of  the  Drainage  Water  of  a  Soil  Cropped  and 
Uncropped,"  by  T.  Lyttleton  Lyon  and  James  A.  Bizzell.  Journal 
of  Industrial  and  Engineering  Chemistry,  Vol.  3,  No.  10,  pp.  742- 

743. 

"  A  Heretofore  Unnoted  Benefit  from  the  Growth  of  Legumes," 
by  T.  Lyttleton  Lyon  and  James  A.  Bizzell.  Bulletin  294,  Cornell 
University  Agricultural  Experiment  Station,  pp.  365-374. 

"  Some  Phases  of  the  Relation  of  Lime  to  Soil  Improvement," 
by  Elmer  O.  Fippin.  Proceedings  National  Lime  Manufacturers  As- 
sociation, 191 1,  pp.  161-190. 

"  Management  of  City  Parks  with  Particular  Reference  to  Soil 
Fertility  and  Crop  Adaptation,"  by  Elmer  O.  Fippin.  Landscape 
Architecture,  Vol.  i,  No.  3,  pp.  1 13-123. 

"  Bacteria  in  Frozen  Soil,"  by  Harold  J.  Conn.  Centralblatt  f. 
Bakteriologie,  II  Abt.,  Vol.  28  C1910),  pp.  422-434. 
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EXTENSION 

Correspondence. — During  the  year  the  extension  correspondence 
has  grown  to  2,058  letters  besides  1,681  circular  letters.  The  former 
number  is  an  increase  of  28.5  per  cent  over  the  previous  year. 

Survey, — During  the  last  half  of  the  field  season  of  1910,  the 
soil  survey  of  Monroe  county  was  completed.  Of  the  643  square 
miles  in  the  county  420  square  miles  were  covered  after  October  i. 
1910.  During  the  field  season  of  191 1  the  survey  of  Jefferson 
county,  with  an  area  of  1,253  square  miles,  was  undertaken  and 
830  square  miles  were  completed  on  September  30. 

A  party  of  four  men  has  been  in  the  field  under  the  immediate 
direction  of  M.  E.  Carr,  of  the  United  States  Bureau  of  Soils.  The 
other  men  in  the  party  were  B.  D.  Gilbert,  a  graduate  of  this  Col- 
lege with  special  w^ork  in  Soils,  for  the  Bureau  of  Soils,  and  Tracy 
E.  Morrison  and  Earl  T.  Maxon  for  the  College.  A  new  group 
of  soil  types  and  series  distinct  from  those  already  encountered  in 
the  State  were  recognized  in  this  county,  due  to  its  geological  struc- 
ture and  geographical  positions.  Thirty-four  types  of  soil  have 
been  recognized.  These  range  from  barren  masses  of  outcropping 
rock  to  loam  and  clay  soils  of  high  productivity. 

Drainage. — The  demand  increases  for  assistance  in  drainage  mat- 
ters. The  State  Drainage  Association  held  its  second  annual  con- 
vention at  the  College  on  February  21,  at  which  time  the  silver  lov- 
ing cup  for  the  best  report  of  practical  experience  in  tile  drainage 
was  awarded  to  Mr.  Daxnd  M.  Dunning  of  Auburn,  Cayuga  county. 
The  report  was  on  an  area  of  30  acres  drained  at  a  cost  of  $41 
per  acre,  and  the  owner's  half  of  the  first  two  crops  paid  the  cost 
of  the  improvement.  The  land  was  not  arable  before  drainage. 
Recognition  is  due  to  Ja-mes  A.  D.  S.  Findlay,  of  Salisbury  Mills, 
who  provided  the  cup  presented  to  Mr.  Dunning. 

Members  of  the  department  have  been  sent  out  on  several  oc- 
casions to  give  definite  advice  on  farm  drainage  and  to  prepare 
maps  of  the  necessary  system  for  the  farm.  During  the  summer 
drainage  plans  were  made  for  a  half  dozen  of  the  state  institu- 
tion farms  in  cooperation  with  the  State  Department  of  Agriculture, 
which  employed  a  meml>er  of  the  staff  of  the  College,  R.  R.  Robb, 
who  worked  in  consultation  with  this  department. 

Lectures  were  given  before  various  granges,  agricultural  asso- 
ciations, and  other  social  bodies  during  the  year  and  exhibits 
were  made  at  the  National  Corn  Exposition  at  Columbus.  Ohio, 
and  at  the  State  Fair. 
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RECOMMENDATIONS 

Laboratory  space. —  Practically  the  same  congestion  in  the  labo- 
ratories exists  at  present  that  was  felt  when  our  last  report  was 
made.  There  is  no  laboratory  for  advanced  students,  and  gradu- 
ate students  must  work  either  in  the  elementary  laboratory  or 
in  the  Experiment  Station  laboratory.  This  class  of  students  is 
still  unprovided  with  desk  room  for  the  material,  lKK>ks,  notes, 
etc.,  which  are  a  necessary  adjunct  to  the  work. 

Soil  improvement  plats. —  A  series  of  soil  improvement  plats 
should  be  established  in  different  parts  of  the  more  important 
soil  types,  to  be  continued  for  a  series  of  years.  This  would 
serve  three  purposes:  (i)  to  determine  the  needs  of  each  soil 
type;  (2)  to  serve  as  a  demonstration  in  each  community;  (3)  to 
supply  a  source  of  experiment  data  and  a  basis  for  research. 

Farm  drainage. —  The  first  step  in  the  improvement  of  much  of 
the  arable  soil  in  this  State  is  the  securing  of  adequate  drainage. 
This  i5  now  coming  to  be  recognized  by  a  large  number  of  land 
owners  and  there  is  a  constantly  increasing  call  for  aid  from  the 
College.  The  giving  of  such  aid  generally  necessitates  a  survey 
of  the  land  and  the  preparation  of  maps  for  a  system  of  drains. 
A  member  of  the  College  faculty  who  could  give  his  entire  time 
to  soil  drainage  would  be  able  to  prepare  students  capable  of 
doing  much  of  this  work,  and  at  the  same  time  to  give  neighbor- 
hood demonstrations  that  would  increase  interest  in  the  subject. 
The  expense  of  the  work  and  demonstration  should  be  borne  by 
the  parties  who  receive  the  benefit. 

Glass  houses. —  It  is  desirable  that  the  glass  houses  used  by  this 
department  should  be  of  a  kind  especially  adapted  to  the  needs 
of  the  work,  instead  of  being  of  the  type  used  for  horticultural 
work.  It  would  also  be  an  economy  in  time  and  in  energy  to 
have  the  two  houses  side  by  side,  instead  of  separated  as  at 
present. 

T.  LYTTLETON  LYON, 

Professor  of  Soil  Techuolof^y. 
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The  year  has  seen  a  number  of  important  changes  brought 
about  mainly  by  the  readjustment  of  the  athletic  grounds  and 
the  land  areas  assigned  to  the  College  of  Agriculture.  The  close 
of  the  year  has  seen  the  passing  of  the  original  forcing-house 
equipment  established  more  than  twenty  years  ago  by  the  pres- 
ent Director  of  the  College  of  Agriculture.  In  the  exchange  of. 
lands  between  the  Athletic  Association  and  the  College  of  Agri- 
culture as  adjusted  by  the  University,  the  former  horticultural 
grounds,  including  the  site  of  the  greenhouses,  have  been  entirely 
eliminated  in  the  grading  of  the  new  athletic  fields.  The  glass 
structures  that  were  worth  moving  were  taken  down  and  re- 
moved to  the  grounds  of  the  new  College  of  Agriculture.  Two 
of  the  glass  houses  are  being  reerected  and  connected  with  the 
new  greenhouses.  They  will  serve  a  very  urgent  need  during 
the  coming  winter  in  connection  with  the  giving  of  winter-course 
instruction  in  floriculture. 

TEACHING 

Graduate  work. —  Ever  since  the  Department  of  Horticulture  was 
organized,  graduate  work  has  occupied  an  important  place  in 
its  yearly  program.  This  division  of  the  teaching  service  has 
progressed  in  a  satisfactory  way  during  the  past  year.  The 
number  of  students  taking  graduate  work  in  the  department 
has  varied  from  eight  to  fourteen  each  year  since  1905.  In  con- 
ducting the  activities  of  this  division  it  has  been  the  writer's  aim 
to  combine  technical  and  practical  issues  as  much  as  possible. 
The  lines  of  research  followed  by  students  in  the  graduate  group 
are  suggested  by  the  following  titles  representing  investigations 
pursued :  the  peony,  its  evolution,  classification,  and  culture ;  the 
sweet  pea,  its  evolution,  classification  and  culture ;  the  gladiolus, 
its  evolution,  classification  and  culture;  etherization  of  seeds; 
etherization  of  bulbs;  etherization  of  fleshy  rooted  plants  (the 
three  last-named  studies  included  an  effort  to  arrive  at  funda- 
mental principles  as  well  as  to  secure  data  illustrating  the  be- 
havior of  different  types  of  plants  when  treated  with  this  anaes- 
thetic) ;  the  influence  of  environment  of  plants  (a  study  of  certain 
factors) ;  the  apple  industry  of  Niagara  county  (a  survey) ;  the 

[Ixxviii] 


Digitized  by  VjOOQIC 


Department  of  Horticulture  Ixxix 

peach  industry  of  Niagara  county  (a  survey)  ;  the  commercial 
status  of  the  Oriental  pear  in  the  United  States ;  the  apple  indus- 
try of  Ohtario  county  (a  survey) ;  the  present  trend  of  apple 
planting  in  western  New  York;  the  Persian  walnut  in  the  United 
Stiites ;  the  improvement  of  the  pecan  with  a  description  of  leading 
varieties;  a  survey  of  truck  growing  in  New  York  State;  special- 
vegetable  crops  in  New  York;  celery  culture  in  New  York.  Cer- 
tain of  the  above  topics  have  been  elaborated  with  such  care  and 
accuracy  as  to  form  reliable  theses.  These  have  been  published 
as  bulletins  or  are  being  prepared  for  publication. 

Undergraduate  work. —  Increased  interest  in  undergraduate  work 
has  been  manifested  during  the  year  just  closed.  The  instruction 
in  vegetable  culture,  in  floriculture,  and  in  elementary  horticulture 
has  progressed  satisfactorily.  There  is  opportunity,  however, 
for  rapid  expansion  in  these  lines.  The  principal  bar  to  progress 
is  the  lack  of  greenhouse  space  and  equipment.  The  course  in 
nuciculture,  presented  for  the  first  time  two  years  ago,  has  met 
with  a  gratifying  demand  in  view  of  the  somewhat  restricted 
scope  of  the  study  when  considered  with  reference  to  New  York 
conditions.  The  interest  in  nut  culture  throughout  the  country 
is  spreading  very  rapidly,  and  this  is  now  being  stimulated  to  a 
much  greater  extent  by  the  formation  of  the  Northern  Nut 
Growers'  Association,  a  movement  promoted  by  the  Department 
of  Horticulture.  Interest  in  the  improvement  of  native  nuts  and 
in  the  adaptation  of  the  best  foreign  nuts  is  increasing  very 
markedly. 

Winter-course. —  The  Winter-Course  in  Horticulture  was  estab- 
lished in  1905- 1906.  It  opened  with  twelve  members.  Since 
that  time  the  numbers  have  increased  steadily.  Last  year  the 
class  was  limited  by  the  capacity  of  equipment  and  of  teaching 
force.  A  considerable  number  of  applications  were  declined. 
This  year  a  modification  of  the  course  has  taken  place.  The 
student  now  has  an  option  of  taking  one  of  three  major  subjects 
under  horticulture;  these  subjects  are  fruit  growing,  vegetable 
growing,  and  flower  growing.  He  may  use  the  major  part  of 
his  tiaie  on  one  of  these  three  branches,  and  fill  the  remainder 
with  electives  designed  to  give  him  the  necessary  related 
knowledge. 

investigation 

Peony  studies. —  The  investigation  of  the  peony,  previously  an- 
nounced in  the  annual  reports  of  the  department,  has  been  con- 
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tinued.  The  fourth  report,  comprising  our  latest  views  on  the 
classification  of  the  peony,  has  just  been  issued.  This  study  is 
of  a  cooperative  type  and  in  it  we  have  been  generously  assisted 
by  the  American  Peony  Society.  It  is  expected  that  the  whole 
subject  will  be  rounded  up  in  the  studies  of  the  next  two  years. 
At  the  close  of  this  period  the  type  plants,  which  will  then  have 
been  selected,  will  be  replanted  in  a  permanent  peony  garden 
where  they  will  remain  as  a  living  herbarium  available  for  study 
and  for  observation  to  all  persons  interested  in  peony  culture. 

Sweet  peas, —  The  study  of  sweet  peas  undertaken  by  the  Depart- 
ment of  Horticulture  in  cooperation  with  the  National  Sweet  Pea 
Society  of  America  has  been  conducted  for  two  seasons.  A  large 
collection  of  both  field  and  forcing  types  have  been  grown.  A 
preUminary  report  published  as  Bulletin  301  appeared  in  May,  191 1. 
This  report  summarized  the  results  of  the  sweet  pea  studies  to 
da»te.  Further  investigation  is  in  progress  covering  the  evolution 
and  horticultural  status  of  the  sweet  pea  together  with  a  classifica- 
tion and  description  of  the  several  hundred  varieties  thus  far 
studied. 

The  gladiolus. — The  study  of  the  gladiolus  represents  a  piece  of 
cooperative  work  in  connection  with  the  American  Gladiolus  So- 
ciety, similar  in  character  to  that  described  under  the  peony  and 
the  sweet  pea.  Preliminary  field  and  forcing  studies  were  made 
during  the  year. 

Investigations  are  being  made  bearing  on  the  plant  food  require- 
ments of  roses,  carnations,  and  chrysanthemums  grown  under  glass. 
The  genus  Primula  has  formed  the  basis  of  a  preliminary  study  in 
this  interesting  group  of  plants,  which  will  be  continued  as  soon  as 
sufficient  space  is  available  in  th-e  greenhouses. 

Experiments  in  vegetable  culture. —  An  important  experiment  of 
the  perennial  type  has  been  established  in  cooperation  with  two 
truck  growers  in  the  western  part  of  the  State  in  order  to  determine 
the  value  of  rotation  of  lettuce,  celery,  and  onions  on  muck  lands, 
and  also  to  determine  the  best  methods  of  supplying  nitrogen  to 
these  crops.  Three  fifths  of  an  acre  comprises  the  area  under  ex- 
periment at  each  place.  This  study  is  to  continue  for  a  long 
period. 

Among  other  field  experiments  carried  on  the  past  season  were 
preliminary  variety  and  strain  tests  with  Hubbard  squash,  musk- 
melons,  and  tomatoes.  Tests  to  determine  the  value  of  planting  sweet 
corn  were  also  made. 
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Vegetable  accounting. —  In  order  to  encourage  a  systematic  method 
of  bookkeeping  that  will  show  cost  and  income  of  single  vegetable 
crops,  a  simple  account  book  has  been  devised  and  placed  in  the 
hands  of  fourteen  growers  who  have  agreed  to  undertake  the 
work.  These  accounts  when  tabulated  will  give  average  figures  of 
expenses  and  revenue  for  the  leading  truck  crops  of  the  State.  The 
work  will  be  continued  and  extended  next  season. 

Forcing  vegetables. —  Plot  experiments  to  determine  the  best  cul- 
tural methods  for  forcing  radishes  were  conducted  last  winter. 
These  experiments  involved  distance,  depth  of  sowing,  frequency 
of  cultivation,  and  size  of  seed. 

EXTENSION 

Considerable  cooperative  work  in  vegetable  culture  has  been  con- 
ducted during  the  year  in  several  of  the  trucking  and  special  crop 
regions  of  the  State.  The  department  has  been  able  to  meet  with 
market  gardeners'  associations  and  vegetable  growers'  clubs  to  a 
very  considerable  extent.  In  addition,  the  department  has  taken  an 
active  part  in  organizing  the  vegetable  growers  into  a  state  associa- 
tion. The  first  meeting  was  held  at  the  Cornell  University  College 
of  Agriculture  during  Farmers'  Week,  191 1.  Plans  are  being  made 
for  the  second  meeting  during  Farmers'  Week  of  1912.  This  as- 
sociation, whose  secretary  is  Mr.  Paul  Work  (in  charge  of  vege- 
table culture  in  the  Department  of  Horticulture),  has  interested  it- 
self in  studying  fertilizers,  crop  rotation,  and  marketing  methods 
during  the  past  season,  and  was  instrumental  in  bringing  together 
at  the  New  York  State  Fair  an  attractive  exhibit  of  packing  and  of 
packing  methods  as  applied  to  the  marketing  of  vegetables.  Dur- 
ing the  year  the  department  has  been  aible  to  meet  with  a  number 
of  the  florists'  clubs  of  the  State  and  with  various  civic  improve- 
ment organizations,  and  has  generally  assisted  in  promoting  a 
livelier  interest  in  the  improvement  of  the  village  and  town  home 
as  well  as  of  the  country  home. 

DEPARTMENTAL   REQUIREMENTS 

The  writer  begs  to  call  attention  to  the  following  urgent  and 
specific  needs  of  the  Department  of  Horticulture : 

I.  Seed  and  implement  houses  and  a  storehouse  on  trial  grounds. 
Since  the  removal  of  the  old  forcing-houses  the  department  has  no 
field  storehouse  for  vegetables,  for  tools,  or  for  general  plant  stor- 
age purposes.     Such  a  building  is  urgently  needed  on  the  area  of 
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land  recently  assigned  to  the  Department  of  Horticulture.  The  sum 
of  $S,ooo  is  required  to  erect  such  a  building  and  equip  it  with  im- 
plements and  seed-storing  facilities. 

2.  Cold  storage  and  cellar  storage.  The  department,  in  order  to 
do  its  work  effectively,  must  be  supplied  with  cellar  storage  to  carry 
over  bulbs  and  fleshy-rooted  plants,  as  well  as  to  furnish  storage 
space  for  material  used  in  instruction.  The  floricultural  division  is 
greatly  in  need  of  a  cold  storage  room  where  experiments  in  the 
handling  of  cut  flowers  may  be  conducted.  This  field  is  ripe  for  im- 
portant experimental  investigation,  and  adequate  equipment  should 
be  supplied  at  an  early  date.  Instruction  in  floriculture  at  the  pres- 
ent time  is  incomplete  for  the  reason  that  no  storage  space  for 
cut  flowers  is  a/vailable. 

JOHN  CRAIG, 
Professor  of  Horticulture, 


Digitized  by  VjOOQIC 


DEPARTMENT  OF  POMOLOGY 


TEACHING 


The  instruction  in  this  department  is  planned  to  cover  the  dif- 
ferent phases  of  fruit-growing.  The  course  in  Elementar}'^  Pomol- 
c^gy,  given  in  the  first  term,  takes  up  the  fundamental  principles. 
During  the  year  1910-1911  there  were  115  students  registered  in 
this  course.  Following  the  elementary  course  is  given  the  practical 
work,  consisting  of  three  lectures  each  week  during  the  second 
term.    The  registration  for  this  work  in  1910-1911  was  136. 

Special  phases  of  pomology  are  taken  up  by  other  courses.  A 
course  in  Systematic  Pomology  covers  the  descriptive  and  classi- 
ficatory  work.  Courses  in  Bush  and  Small  Fruits,  Spraying  of 
Fruit  Trees,  Advanced  Pomology,  and  Research  Work,  each  taking 
up  its  particular  field,  prepare  the  students  for  practical  and  ex- 
perimental work. 

INVESTIGATION 

The  orchard  survey  of  Monroe  county,  made  in  1908,  has  been 
tabulated  and  is  now  ready  for  publication. 

The  bush  fruit  survey  of  western  New  York,  made  in  1910,  has 
been  tabulated  and  the  results  will  be  used  for  information  bulletins, 
of  which  "  The  Culture  of  Red  and  Black  Raspberries  "  and  "  The 
Culture  of  the  Currant  and  Gooseberry  "  are  now  ready  for  pub- 
lication. 

During  the  summer  of  191 1  a  series  of  experiments  in  the  con- 
trol of  raspberry  anthracnose  were  made  in  Erie  county  in  coopera- 
tion with  the  Department  of  Plant  Pathology.  The  Department 
of  Pomology  does  not  feel  justified  in  publishing  the  results  of  the 
raspberry  anthracnose  experiment  without  another  year  of  trial. 
Laist  year's  work  would  indicate,  however,  that  we  are  in  the  way 
of  securing  satisfactory  results. 

Important  projects  that  have  recently  been  inaugurated  are: 
(i)  the  planting  of  our  fifty-acre  farm,  of  which  fifteen  acres  are 
now  planted;  (2)  the  testing  of  various  stocks  for  our  common 
fruits  on  the  department  grounds;  (3)  experiments  on  the  desir- 
ability of  pedigree  scions.  Beginning  with  next  spring's  planting, 
we  shall  start  an  extensive  experiment  in  the  best  methods  of 
pruning. 

[Ixxxiii] 
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EXTENSION 

During  the  College  year  the  members  of  the  department  have 
spoken  at  a  large  number  of  meetings  in  various  parts  of  the  State, 
nearly  twenty -five  in  all. 

An  important  feature  of  the  extension  work  during  the  year  has 
been  the  box  packing  schools,  which  have  been  held  in  several  fruit- 
growing sections.  Two  of  these  schools  have  been  held  at  Roches- 
ter, one  at  the  State  Fair,  Syracuse,  an-d  one  at  the  College. 

Each  year  a  fruit  exhibit  is  held  at  the  College  for  the  benefit 
both  of  the  students  in  tlie  College  and  of  the  fruit-growers  and  con- 
sumers in  the  vicinity  of  Ithaca. 

C  S.  WILSON, 
Professor  of  Pomology. 
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At  the  close  of  the  last  academic  year  Dr.  A.  D.  MacGillivray, 
Assistant  Professor  of  Entomology  and  General  Invertebrate  Zo- 
ology, withdrew  from  our  staff  and  accepted  a  more  lucrative  posi- 
tion in  the  University  of  Illinois.  Excepting  the  writer,  Doctor 
MacGillivray  had  been  connected  with  the  Department  of  Ento- 
mology longer  than  any  other  member  of  the  staff,  beginning  as 
student  assistant  in  1890.  The  growth  of  the  dei>artment  in  ef- 
ficiency was  due  in  a  large  measure  to  his  faithful,  untiring  and  suc- 
cessful labors  as  a  teacher,  and  its  reputation  in  the  scientific  world 
was  greatly  enhanced  by  his  researches.  His  retirement  was,  there- 
fore, a  serious  loss  to  the  department. 

The  place  made  vacant  by  the  resignation  of  Doctor  MacGillivray 
has  been  filled  by  the  appointment  of  James  Chester  Bradley,  Ph. 
D.,  as  Assistant  Professx)r  of  Systematic  Entomology.  Doctor 
Bradley  is  a  graduate  of  Cornell  University,  and  has  served  as  an  as- 
sistant and  as  a  fellow  in  the  Department  of  Entomology.  His  in- 
timate acquaintance  with  the  work  of  the  department  has  enabled 
him  to  take  it  up  without  serious  interruption,  and  the  published 
results  of  his  investigations  in  the  field  of  systematic  entomology 
give  assurance  that  the  high  scientific  standing  of  the  divisi(5n  of 
the  department  in  his  charge  will  be  maintained. 

TEACHING 

There  has  been  a  marked  increase  in  the  number  of  students 
seeking  instruction  in  the  department  during  the  past  year.  This 
has  been  especially  true  in  the  course  in  General  Biology  given  by 
Doctor  Needham  and  his  assistants.  This  course  has  been  given 
two  years;  and  although  provision  was  made  for  300  students  the 
first  year  and  350  the  second  year,  we  were  forced  each  year  to  re- 
fuse admission  to  many  others.  For  the  academic  year  just  begun 
we  made  provision  for  400  students  and  still  are  unable  to  accommo- 
date aJl  who  wish  to  take  the  course;  we  have  taken  416  students, 
and  would  have  had  nearly  or  quite  500  if  we  had  had  room  for 
them. 

Special  mention  is  made  of  tlie  course  in  General  Biology,  as  it 
is  in  this  course  that  the  most  serious  difficulty  has  been  met  in  our 
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efforts  to  care  for  the  students.  All  of  the  other  courses  announced 
by  tlie  department  liave  been  taken  by  as  many  students  as  we  could 
well  accommodate.  In  fact,  the  laboratories  were  so  crowded  last 
ye?r  that  it  has  been  necessary  to  fit  up  an  additional  laboratory 
for  the  current  year.  This  has  been  done  by  removing  seats  from 
a  part  of  our  lecture  room  and  putting  laboratory  tables  in  their 
place. 

The  course  in  Animal  Parasites  and  Parasitism,  offered  for  the 
first  time  in  1909-10,  is  being  elected  by  an  increasing  number  of 
students,  the  number  last  year  being  50.  Although  the  subject  is 
treated  largely  from  the  viewpoint  of  general  biology,  parasites 
of  economic  importance  are  used  when  possible.  Owing  to  the  na- 
ture of  the  subject  it  is  no  small  problem  to  provide  laboratory  ma- 
terial for  a  class  of  sixty  or  more,  as  will  be  necessary  next  year, 
but  an  extensive  series  of  permanent  preparations  is  being  brought 
together  by  Doctor  Riley,  who  has  charge  of  this  course. 

The  demand  for  the  work  in  Economic  Entomology  given  by 
Assistant  Professor  Herrick  seriously  taxed  the  resources  of  the 
department  during  the  past  year.  The  fitting  up  of  the  additional 
laboratory,  referred  to  above,  will  enable  us  to  care  for  this  work 
more  efficiently  during  the  current  year;  at  the  same  time  it  has 
relieved  the  congested  condition  of  the  laboratory  of  Systematic 
Entomology,  in  which  the  practical  exercises  in  the  course  in  Gen- 
eral Entomology  have  been  held. 

INVESTIGATION 

The  **  Spider  Book,*'  a  manual  of  the  Arachnida  of  North 
America,  upon  which  the  writer  has  been  at  work  for  more  than 
ten  years,  was  completed  during  the  past  year  and  is  now  in  press. 

The  work  on  the  study  of  the  life  history  and  habits  of  the 
timothy  joint-worm  and  its  allies  has  been  continued  by  Assistant 
Professor  Crosby,  and  he  hopes  to  publish  the  results  of  this  work 
in  the  near  future. 

Professor  Crosby  has  completed  the  investigation  of  the  injury 
caused  by  the  red  bugs  of  the  apple,  and  the  results  have  been 
published  as  Bulletin  291.  It  has  been  found  feasible  to  control 
these  insects  by  spraying  with  nicotine  and  soap  solution  about  the 
time  of  the  blossoming  of  the  apple  trees. 

The  study  of  the  plum  leaf-miner  has  also  been  concluded  by 
Professor  Crosby,  and  the  results  will  be  published  as  Bulletin  308. 
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The  evidence  now  at  hand  points  toward  the  probable  control  of 
this  pest  by  a  thorough  cultivation  of  the  orchards. 

The  investigations  by  Assistant  Professor  Herrick  have  been  as 
follows : 

1.  The  study  of  the  snow-white  linden  moth  was  completed  and 
published  as  Bulletin  286. 

2.  The  results  of  the  study  of  the  cabbage  aphis  were  publislied 
as  Bulletin  300. 

3.  Circular  No.  8  on  the  elm  leaf-beetle  was  prepared  and 
published. 

4.  A  detailed  investigation  was  made  of  a  new  pest  in  this  State, 
the  fruit-tree  leaf-roller,  with  experiments  in  methods  of  its  control. 

5.  A  somewhat  extensive  piece  of  work  in  spraying  elms  was 
undertaken,  by  which  definite  data  regarding  the  best  manner 
and  the  cost  of  spraying  such  trees  were  obtained. 

6.  Experiments  were  conducted  whereby  a  method  of  con- 
trolling the  elm  leaf-miner  was  discovered. 

7.  Experiments  were  made  leading  to  the  discovery  of  a 
method  of  controlling  the  larch  case-bearer. 

8.  A  further  investigation  was  made  of  the  Mallophaga  infest- 
ing domestic  fowls.  This  work  will  be  continued  for  another 
year. 

The  following  subjects  were  also  studied  under  the  direction 
of  Assistant  Professor  Herrick: 

A  detailed  study  of  the  apple  maggot  by  Mr.  J.  F.  Illingworth, 
in  which  important  new  facts  were  discovered. 

A  detailed  study  of  the  codling  moth  in  western  New  York 
by  Mr,  R.  W.  B rancher,  in  which  many  new  data  were  gathered 
concerning  its  life  history. 

Spraying  experiments  in  the  control  of  the  onion  thrips  by 
Mr.  I.  C.  Jagger.  These  experiments  were  conducted  in  co- 
operation with  the  Department  of  Plant  Pathology. 

The  work  of  Doctor  Riley  in  getting  together  illustrative  ma- 
terial for  the  course  on  Animal  Parasites  and  Parasitism  has 
been  to  a  considerable  extent  in  the  nature  of  research.  While 
the  primary  object  of  this  work  was  to  render  more  efficient  the 
teaching  of  this  subject,  many  interesting  facts  have  been 
discovered. 

Assistant  W.  R.  Thompson  is  making  an  extensive  study  of 
biology,  morphology,  and  development  of  certain  parasitic  dip- 
tera,  and  of  their  relation  to  the  host.     Little  has  been  done  in 
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this  country  along  this  line,  and  many  interesting  and  valuable 
facts  have  already  been  discovered. 

In  the  field  of  Limnology  the  following  investigations  have 
been  carried  on  under  the  direction  of  Doctor  Needham : 

An  investigation  of  the  biology  of  the  may  flies  by  Miss  Anna 
11.  Morgan  is  nearly  completed. 

An  extensive  investigation  of  the  caddice  flies  is  being  carried 
on  by  Mr.  John  T.  Lloyd. 

A  study  of  water  beetles  is  being  made  by  Mr.  Robert 
Matheson;  the  part  treating  of  the  family  Haliplidae  has  been 
completed. 

Messrs.  C.  P.  Alexander  and  M.  D.  Leonard  are  studying  the 
life  history  of  crane  flies  and  have  accumulated  much  important 
data. 

EXTENSION 

During  the  past  fiscal  year  1,133  letters  in  reply  to  inquiries 
regarding  insect  pests  were  written  by  Assistant  Professor 
Herrick  alone;  a  large  number  in  addition  were  written  by 
Assistant  Professor  Crosby  and  by  other  members  of  the  staff. 

An  exhibit  of  injurious  insects  was  taken  to  agricultural  fairs 
in  the  following  places:  Trumansburg,  Moravia,  Warsaw, 
Chatham,  Riverhead,  Batavia,  and  the  State  Fair  at  Syracuse. 
In  this  work  a  person  always  accompanies  the  exhibit  to  explain 
the  work,  to  distribute  bulletins,  and  to  discuss  problems  with 
those  interested.  In  Clinton  county  we  have  just  obtained  defi- 
nite proof  of  the  value  of  this  work,  in  a  change  of  spraying 
methods  as  the  direct  result  of  an  exhibit  shown  at  the  Platts- 
burg  Fair  in  1910. 

Similar  exhibits  were  shown  at  the  winter  meetings  of  the 
New  York  State  Fruit  Growers'  Association  and  of  the  Western 
New  York  Horticultural  Society. 

In  connection  with  the  investigation  of  certain  insect  troubles, 
cooperative  experiments  were  conducted  at  Pratts  Hollow,  Man- 
lius,  Syracuse,  Fayette,  Onondaga  Valley,  Rochester,  and  Ba- 
tavia. At  Batavia  a  field  laboratory  was  established  and  a  Fellow 
kept  in  the  field  throughout  the  growing  season. 

Lectures  were  given  at  the  School  of  Gardening  of  the  23d 
Street  Young  Men's  Christian  Association  of  New  York  City, 
at  the  Riverhead  Extension  School,  and  before  various  farmers' 
meetings. 

J.  H.  COMSTOCK, 

Professor  of  Entomology, 
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TEACHING 


Regular  courses. —  No  new  courses  have  been  added  to  the  work 
of  the  department  (hiring  tlic  year  just  ended.  The  total  number 
of  registrations  for  courses  in  the  two.  semesters  was  458.  The 
distribution  of  these  students  in  the  different  courses  is  as 
follows : 

Course    i.  Milk  Composition  and  Tests  (given  both  terms),  176 

Course    2.  Butter-making  (given  both  terms) 56 

Course    3.  Cheese-making 12 

Course   4.  Elementary  Bacteriology  (given  both  terms) 32 

Course   6.  Market  Milk  and  Milk  Inspection 81 

Course    7.  Advanced  Testing 10 

Course    8.  Dairy  Bacteriology 9 

Course   9.  Advanced  Butter-making 4 

Course  10.  Fancy  Cheese-making i 

Course  II.    Dairy    Buildings    and    Equipment    and    Business 

Methods 6 

Course  12.  Seminar  (both  terms) 14 

Course  13.  Research 5 

Course  14.  General   Agricultural   Bacteriology 26 

Course  15.  Bacteriology  for  the  Home 6 

Graduate   Students 20 

Total 458 


The  total  number  of  students  in  the  regular  courses  last  year 
was  310.  There  was,  therefore,  an  increase  this  year  of  148  over 
last  year's  registration. 

Winter-course  students. —  The  number  of  students  who  took  the 
twelve  weeks  Winter-Course  in  Dairy  Industry  was  104.  In 
addition  to  these,  61  students  taking  the  Winter-Course  in  Gen- 
eral Agriculture  elected  Farm  Dairying,  which  is  given  by  this 
department,  making  a  total  of  165  students  taking  special  work 
in  dairying  during  the  Winter-Course. 

[Ixxxix] 


Digitized  by  VjOOQIC 


xc  Department  of  Dairy  Industry 

Creamery  managers'  course, —  The  experiment  tried  last  year  of 
giving  a  very  short  course  for  factory  and  creamery  managers 
proved  successful.  This  year,  however,  instead  of  giving  a  ten 
(lays  course  the  work  was  condensed  to  occupy  one  week,  in 
order  to  accommodate  men  who  were  in  charge  of  plants  and 
could  not  be  absent  from  their  business  for  a  longer  time.  Fif- 
teen factory  managers  took  the  course  this  year.  The  purpo.se 
of  this  course  is  to  afford  an  opportunity  for  men  to  come  back 
to  the  College  for  instruction  in  certain  particular  aspects  of 
llieir  work  where  they  have  found  the  need  of  assistance. 

Summer  schools, —  The  Dairy  Department  gave  a  few  periods  in 
the  Summer  School  course.  Fifty  students  were  enrolled  for 
this  work. 

Total  registration, —  The  total  of  all  students  taking  work  in  the 
department  during  the  year  is  688. 

Changes  in  department  staff, —  At  the  beginning  of  the  year  C.  A. 
Publow,  Assistant  Professor  in  charge  of  cheese  instruction,  re- 
signed and  Mr.  W.  W.  Fisk,  who  graduated  in  June,  1910,  was 
appointed  as  assistant  in  cheese-making.  Mr.  T.  J.  Mclnerney 
was  appointed  as  student  assistant  to  assist  Professor  Ross  in 
milk  testing  and  market  work. 

investigation 

The  investigation  work  of  the  department  for  the  present  year 
has  been  along  the  following  lines : 

I.  Cow-testing  ivork, —  As  outlined  in  previous  reports  this  de- 
partment has  been  conducting  work  for  some  time  among  the 
farmers  north  of  Ithaca,  for  the  purpose  of  assisting  them  in 
obtaining  greater  production  from  their  herds  and  at  the  same 
time  providing  an  increased  supply  of  milk  for  the  instruction 
work  of  the  department.  At  first  the  department  bore  all  the 
expense  of  this  work ;  but  on  the  first  of  May  of  this  year  the 
work  was  organized  on  a  different  basis,  so  that  each  farmer  in 
the  association  now  pays  one  dollar  a  year  for  each  cow. 
Mr.  Floyd  Peabody,  formerly  a  winter-course  assistant  in  the 
department,  was  employed  to  do  this  work.  There  are  now  27 
herds  with  a  total  of  244  cows  in  this  association.  The  results 
appear  to  be  giving  excellent  satisfaction  to  the  owners  of  the 
herds,  who  are  weeding  out  their  poor  cows  and  taking  steps 
to  breed  better  ones.  They  are  also  paying  more  attention  to 
the  question  of  feeding. 
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2.  Market  milk  inspections, —  The  work  of  inspection  in  connec- 
tion with  the  Ithaca  milk-supply,  which  has  been  in  progress  for 
several  years,  has  been  continued  with  satisfactory  results.  The 
average  germ  content  of  the  milk  has  been  reduced  to  less  than 
one  third  of  what  it  was  when  the  work  was  begun. 

3.  Cream  separators, —  During  the  year  a  careful  investigation  of 
the  factors  influencing  the  variation  in  the  percentage  of  fat  in 
the  cream  from  efficient  farm  separators  has  been  made.  The 
work  is  not  yet  complete  but  is  still  in  progress.  The  results  of 
this  work  will  be  preparecT  for  publication  in  bulletin  form  prob- 
ably sometime  during  the  coming  year. 

4.  Metallic  flavor  in  butter. —  This  is  a  serious  fault  frequently 
found  in  commercial  butter  and  its  consideration  is  of  great 
financial  importance  to  the  butter  industry.  The  department  is 
endeavoring  to  determine  the  cause  and  find  a  means  of  prevent- 
ing this  undesirable  flavor  in  butter.  This  piece  of  investigation 
will  probably  be  continued  for  one  or  more  years  before  the 
results  will  be  ready  for  publication. 

5.  Babcock  test. —  In  spite  of  the  fact  that  the  Babcock  method 
of  testing  milk  and  cream  for  butter  fat  has  been  used  for  many 
years,  there  are  some  questions  that  have  not  yet  been  thor- 
oughly settled.  Certain  factors  influencing  the  accuracy  of  the 
test,  especially  the  method  of  reading  the  cream  bottle,  are  being 
carefully  studied.  It  is  hoped  that  the  results  of  this  work  will 
throw  some  valuable  light  upon  the  proper  method  of  using  this 
important  test. 

6.  Relation  of  other  solids  to  fat. —  The  relation  of  the  solids  not 
fat  to  the  fat  in  milk  is  being  studied.  This  requires  very  careful 
work  and  can  be  done  only  as  the  other  duties  of  the  department 
will  permit. 

7.  Methods  of  cooling  milk. —  A  study  of  the  least  expensive  and 
most  practical  methods  of  cooling  milk  is  under  way.  We  believe  this 
will  give  results  of  much  value.  This  is  one  of  the  most  impor- 
tant practical  questions  before  the  milk  producers  and  dealers  at 
the  present  time,  and  there  are  no  results  available  of  satisfactory 
experimental  work. 

EXTENSION 

I.  Co^^v  testing, —  The  work  described  above  under  "Investiga- 
tion "  is  in  a  large  measure  extension  work.  It  has  taken  more 
than  the  equivalent  of  one  person's  time  for  the  entire  year. 
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2.  Milk  inspection. —  The  city  milk  inspection  work  already  de- 
scribed under  the  previous  heading  may  also  properly  be  classed 
as  extension  work. 

3.  Educational  scoring  of  dairy  products, —  The  department  has 
made  arrangements  to  score,  free  of  charge,  dairy  products  that 
may  be  sent  to  the  Dairy  Building  for  this  purpose.  A  scoring 
has  been  held  in  each  month  of  the  year,  and  a  considerable 
number  of  butter  and  cheese  makers  have  availed  themselves  of 
this  opportunity  to  have  their  products  scored  on  the  basis  of 
market  value.  The  results  of  the  Scoring  are  reported  to  the 
exhibitors,  together  with  suggestions  for  improving  the  quality 
of  their  product.  We  believe  this  work  will  be  of  much  vakie 
and  it  is  our  intention  to  continue  it. 

4.  Publications. —  During  the  year  the  department  has  published 
one  bulletin,  No.  303,  on  **  The  Cell  Content  of  Milk  " ;  and  two 
circulars,  Nos.  10  and  11,  entitled  respectively,  "Propagation  of 
Starter  for  Butter-Making  and  Cheese-Making/'  and  "  Helps  for 
the  Dairy  Butter-Maker."  Members  of  the  department  have  also 
written  articles  for  the  agricultural  press. 

5.  Correspondence. —  The  correspondence  of  the  department  con- 
tinues to  be  one  of  its  important  lines  of  extension  work.  We 
are  continually  being  called  on  for  information  along  dairy  lines, 
and  several  thousand  letters  are  written  annually  in  response  to 
such  requests. 

6.  Institutes  and  exhibits. —  Various  members  of  the  department 
have  given  addresses  at  a  number  of  institutes  and  farmers'  meet- 
ings. We  have  also  made  exhibits  at  five  county  fairs  and  at 
the  State  Fair. 

EQUIPMENT 

The  rapid  increase  in  the  number  of  students  coming  to  the 
department  for  instruction  has  compelled  us  to  increase  the 
amount  of  milk  and  cream  available  for  instruction  purposes. 
Accordingly,  arrangements  were  made  last  spring  to  add  a  fourth 
shipping  station  to  those  we  were  already  operating.  This  sta- 
tion is  located  at  West  Groton ;  at  present  it  has  55  patrons  and 
is  supplying  between  four  and  five  thousand  pounds  of  nn'lk  daily. 
This  additional  supply  is  of  great  value  in  our  teaching  work. 

For  a  number  of  years  we  have  been  called  on  to  furnish  men 
fitted  for  ice-cream  making.  The  time  has  now  come  when  we 
must  give  instruction  in  this  subject,  and  we  have  added  to  our 
equipment  a  small  outfit  for  the  purpose.     We  have  also  added 
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to  our  creamery  equipment  one  "  Twentieth  Century ''  milk 
heater,  one  butter-tub  paraffiner,  and  a  5-horsc-power  safety 
boiler  and  engine. 

We  are  still  in  need  of  more  equipment,  and  as  the  number  of 
students  increases  it  will  be  necessary  for  us  to  spend  more  and 
more  money  each  year  for  this  purpose.  One  of  the  greatest 
needs  of  the  department  at  the  present  time,  as  stated  in  our  last 
year's  report,  is  a  refrigerating  plant.  Without  this  we  are  com- 
pelled to  put  up  large  quantities  of  ice  each  year,  and  we  do  not 
have  sufficient  cold  storage  facilities  for  handling  our  products 
or  for  conducting  our  research  or  instruction  work  to  the  best 
advantage. 

W.  A.  STOCKING,  Jr., 

Professor  of  Dairy  Industry. 
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TEACHING 


The  instruction  in  tlic  department  during  the  college  year 
1910- 191 1  was  conii)rised  in  nine  courses.  A  tabular  statement 
of  the  registration  in  these  courses  is  given  below: 

No.   uf   students 
Course  1st    term     2d   term 

I 204      126 

2 67 

3 

5 26 

(> 3 

10 15     25 

12 7       ID 

14 2     

20 30 


INVESTIGATION 

The  principal  investigations  carried  on  by  the  department 
during  the  past  year  were  a  quite  careful  study  in  respect  to  the 
determination  of  a  standard  ration  for  feeding  dairy  cows,  and 
an  experiment  in  feeding  range  lambs  for  fattening  purposes  with 
special  reference  to  certain  troubles  grouped  under  the  term 
"  apoplexy."  In  both  experiments  results  of  sufficient  importance 
to  warrant  their  publication  in  a  bulletin  were  secured  and  these 
bulletins  are  now  on  the  press. 

Briefly,  the  results  secured  by  the  first  experiment  seem  to  show 
that  the  standard  in  feeding  dairy  cattle  recently  proposed  by 
Professor  Haecker,  of  Wisconsin,  should  be  somewhat  modified. 
Regarding  "  apoplexy  "  in  fattening  lambs,  while  the  results  were 
somewhat  negative,  they  indicate  that  in  all  probability  the 
trouble  is  not  due  to  the  proportion  of  protein  in  the  ration. 

No  very  important  new  work  has  been  undertaken  by  this  de- 
partment during  the  past  year.  A  large  amount  of  statistical 
records  are  being  kept,  and  these  arc  constantly  accumulating 
data  that  will  eventually  be  useful  for  publication. 

[xciv] 
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extension 

The  extension  work  in  the  Department  of  Animal  Husbandry 
has  been  prosecuted  as  vigorously  as  has  been  possible  in  view  of 
the  large  amount  of  instruction  required  from  tlie  staff.  During 
the  year  about  20  extension  meetings  of  various  kinds  have  been* 
jittended  by  members  of  the  department. 

The  large  amount  of  extension  work  done  by  this  department  in 
the  way  of  supervising  records  of  cows  for  breeders  of  pure-bred 
cattle  has  increased  during  the  past  year,  until  now  it  has  reached 
such  proportions  as  to  require  the  ^assistance  of  more  than  60 
field  superintendents  for  about  six  months  of  the  year. 

During  the  year  ended  May  15,  191 1,  the  records  of  1,923  pure- 
bred Holstein  cows,  belonging  to  about  200  different  owners,  were 
supervised  continuously  for  periods  varying  from  seven  to  ninety 
days.  In  addition,  monthly  two-day  inspections  were  made  for  all 
owners  requesting  them,  for  cattle  entered  upon  yearly  records. 
At  the  present  time,  we  are  supervising  the  records  of  50  Ayrshire 
cows  belonging  to  5  different  owners,  5  Brown  Swiss  cows  belong- 
ing to  2  different  owners,  66  Guernsey  cows  belonging  to  12  dif- 
ferent owners,  52  Holstein  cows  belonging  to  10  different  owners, 
and  194  Jersey  cows  belonging  to  14  different  owners ;  in  alf,  367 
cows  belonging  to  43  owners.  This  work,  while  burdensome,  has 
resulted  in  a  great  increase  and  improvement  in  the  production  of 
pure-bred  cattle  in  this  State,  and  its  value  is  shown  by  the  reliance 
that  is  being  placed  on  it  not  only  by  the  breeders  of  pure-bred 
live-stock  but  by  the  dairy  public  as  a  whole.  The  authentication 
furnished  by  the  College  is  accepted  by  the  public  without  question. 

The  correspondence  of  the  department  during  the  year  has  been 
large,  particularly  in  answering  requests  for  suggestions  in  regard 
to  the  feeding  of  farm  animals.  Care  has  been  taken  to  answer 
all  such  questions  promptly  and  carefully. 

NEEDS  and  EQUIPMENT 

The  large  registration  in  Course  i,  as  shown  by  the  table  given 
above,  necessitated  the  removing  of  the  class  to  the  larger  lecture 
room  in  the  Dairy  Building  for  the  first  term.  This  proved  very 
unsatisfactory  because  it  was  impossible  to  use  illustrative  ma- 
terial, particularly  live  animals,  before  the  class,  so  that  in  the  cur- 
rent year,  with  a  registration  nearly  as  large,  it  has  been  foiind 
necessary  to  divide  the  class  into  two  sections  and  repeat  the  lec- 
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tures,  thus  entailing  a  large  amount  of  extra  work  upon  the  staff 
of  instruction.  A  very  pressing  need  of  the  department  at  the 
present  time  is  a  larger  lecture  room  and  increased  laboratory 
facilities.  | 

The  increase  in  the  growth  of  the  staff  has  rendered  the  office 
room,  which  was  intended  as  only  temporary  quarters,  very  crowded 
and  very  inadequate  for  the  performance  of  good  work.  The  in- 
struction in  the  courses  in  Animal  Husbandry  is  very  much  ham- 
pered at  the  present  time  by  lack  of  room. 

Additions  have  been  made  to  the  live-stock  equipment  from  time 
to  time  from  income  and  other  funds  as  occasion  permitted.  While 
this  equipment  is  still  unsatisfactory,  it  has  been  materially  strength- 
ened in  the  last  year. 

H.  H.  WING, 
Professor  of  Animal  Husbandry. 
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In  each  division  of  the  work  of  the  department,  consistent  prog- 
ress has  been  made  during  the  past  year. 

The  inventoried  value  of  the  land,  stock,  buildings,  and  equip- 
ment, July  I,  191 1,  was  as  follows: 

Land,  55  acres   (rented) $3,500  00 

Buildings 6438  75 

Stock 3,098  20 

General  equipment  and  supplies 6,975  83 

Total $20,012  78 


The  amount  of  stock  on  hand  near  the  close  of  the  fiscal  year 
was  1,495  mature  stock  and  3,031  young  stock. 

The  gross  sales  of  poultry  and  poultry  products  has  steadily  in- 
creased each  year,  reaching  the  sum  of  $6,959.11  for  the  fiscal  year 
just  closed. 

The  fifty-acre  poultry  farm  that  we  have  occupied  for  two  years 
already  shows,  to  a  marked  deg^ree,  the  benefits  gained  in  soil  en- 
richment by  rearing  three  to  four  thousand  chickens  annually  and 
by  receiving  the  fertility  from  over  one  thousand  head  of  mature 
stock.  As  a  result  of  better  soil  conditions  a  fair  stand  of  alfalfa 
and  good  catches  of  clover  have  been  secured,  which  will  go  far 
toward  increasing  still  more  the  crop-producing  power  of  the  land 
and  adding  to  the  net  profits  per  acre.  The  size  of  the  farm,  the 
nature  of  the  farming,  and  the  distance  from  the  base  of  instruc- 
tion and  investigation  (a  mile  or  more)  preclude  the  economical 
use  of  either  hand  labor  or  horse  power.  It  is  to  be  hoped  that  in 
the  near  future  house  accommodations  may  be  provided  for  one  or 
more  persons,  in  order  that  the  farm  may  be  administered  at  close 
range. 

The  poultry  farm  should  be  utilized  for  the  following  purposes: 

1.  The  rearing  of  chickens,  in  which  respect  it  is  now  well 
equipped. 

2.  The  breed  testing  station  project,  which  is  now  limited  to  a 
few  houses  on  the  plant  at  the  College.     This  would  require  the. 
construction  of  special  houses  at  a  cost  of  several  thousand  dollars. 

[xcvii] 
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3.  The  investigational  work,  necessitating  the  erection  of  special 
buildings  in  addition  to  the  present  plant,  about  one  half  of  which 
would  be  retained. 

A  water  system  must  be  installed,  there  being  no  water-supply  on 
the  farm  at  the  present  time.  A  boundary  fence  should  be  built 
and  certain  parts  of  the  land  underdrained. 

For  all  of  the  above,  special  appropriations  will  be  required. 

The  staff  of  the  Poultry  Department  has  been  increased  by  the 
appointment  of  Mr.  E.  W.  Benjamin,  a  graduate  of  Cornell  Univer- 
sity, as  Instructor. 

TEACHING. 

The  facilities  of  the  department  are  inadequate  to  meet  the  de- 
mands for  instruction.  This  applies  to  regular  and  special  as  well 
as  to  winter-course  students.  Every  afternoon  during  the  college 
year  is  occupied  by  laboratory  work  with  sections  that  are  over- 
crowded. For  this  reason  students  have  been  denied  admission  to 
classes.  For  three  months,  while  the  winter  poultry  course  is  in 
progress,  two  laboratory  classes  are  being  taught  at  the  same  time 
each  day. 

For  several  years  we  have  been  obliged  to  limit  the  number  of 
winter  poultry  course  students  to  fifty-six.  For  the  past  two  years 
we  have  received  only  students  from  New  York  State,  and  many 
applicants  from  this  State  have  been  turned  away.  This  congestion 
will  be  relieved  when  we  are  able  to  occupy  the  new  poultry  hus- 
bandry building,  now  being  constructed,  and  when  the  necessary 
auxiliary  buildings  have  been  provided. 

The  number  of  students  has  increased  from  28  who  elected  a 
two-hour  course  in  Poultry  Husbandry  in  1903,  to  241  students  the 
past  year,  distributed  among  the  various  courses  as  follows: 

Regular  and  special  students,  133;  Winter  Poultry  Course,  55; 
students  from  other  Winter-Courses  taking  two-hour  elective,  53. 

The  total  number  of  university  hours  taught  is  1,538,  an  increase 
of  107  over  the  highest  in  previous  years. 

Several  specialized  courses  in  Poultry  Husbandry  should  be  pro- 
vided as  soon  as  we  can  secure  the  necessary  facilities  and  help. 

The  waterfowl  and  the  pigeon  interests  of  the  State  are  each  of 
sufficient  commercial  importance  to  warrant  the  special  attention 
of  experts  who  will  be  able  to  give  their  entire  time  to  these 
branches. 

Turkey  raising  in  New  York  State  has  been  an  extensive  and 
profitable  industry  until  recent  years.  Now,  owing  to  the  ravages 
of  disease  and  to  other  handicaps,  the  turkey  crop  has  disappeared 
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completely  in  many  localities  and  has  seriously  diminished  every- 
where. The  College  should  give  special  consideration  to  this 
problem.  The  woodlot  on  the  poultry  farm  furnishes  an  ideal 
place  for  investigational  and  instructional  work  in  turkey  raising. 
The  necessary  shelters,  fences,  stock,  and  help  should  be  provided 
to  establish  turkey  farming  as  a  special  division  of  our  work. 

investigation 

Approximately  one  half  of  the  houses,  equipment,  and  facilities 
of  the  Department  of  Poultry  Husbandry  are  devoted  to  investiga- 
tional work.  The  entire  time  of  an  assistant,  a  helper,  and  an 
accountant,  together  with  a  large  part  of  Professor  Rogers'  time, 
is  devoted  to  investigations  and  to  the  working  up  of  data. 

The  total  number  of  projects  investigated  to  date  is  104.  The 
projects  under  investigation  during  the  year  may  be  grouped  as 
follows : 

1.  The  third  generation  of  cross  breeding  experiments  of  White 
Leghorns  and  Barred  Plymouth  Rocks  in  comparison  with  these 
varieties  bred  pure  (eight  flocks). 

2.  Pedigree  breeding  for  increased  egg  production  and  for 
quality  of  eggs  (three  flocks). 

3.  Line  breeding  to  establish  a  general-purpoie  fowl  that  will 
lay  white  eggs  (two  flocks). 

4.  A  comparison  of  bare  yards  and  close  confinement  versus 
free  range  and  liberty  the  year  round  (six  flocks). 

5.  Influence  of  natural  versus  artificial  incubation  on  vigor, 
fertility,  prolificacy,  etc.  (four  flocks). 

6.  Influence  of  food  on  the  quality  of  flesh  in  fattening  (four 
flocks). 

7.  The  texture  of  a  ration  for  fattening  (four  flocks). 

8.  A  comparison  of  methods  of  preserving  eggs. 

9.  A  comparison  of  hens  versus  pullets  as  breeders. 

10.  Anatomical  studies  of  the  correlation  of  type  of  body  to 
performance   (prolificacy). 

11.  A  correlation  of  various  external  characters  to  prolificacy; 
for  example,  late  molting,  pale  shanks,  bare  backs,  size  of 
comb,  etc. 

Several  projects  have  been  undertaken  in  cooperation  with 
other  departments  of  the  Colleo^e,  as  follows: 

Chemistry:  (i)  The  role  of  organic  and  inorganic  phosphorus 
in  poultry  feeding.  (2)  The  correlation  of  hatching  quality 
of  eggs  and  vigor  of  chicks  to  the  mineral  composition  of  foods. 
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Veterinary  College:  Eight  projects  have  been  conducted 
jointly  with  the  New  York  State  Veterinary  College.  These 
have  had  to  do  principally  with  bacillary  white  diarrhoea. 

Other  work  has  been  done  in  cooperation  with  the  Depart- 
ment of  Dairy  Industry  and  with  the  Medical  College. 

One  Experiment  Station  bulletin,  No.  284,  on  "  Labor-Saving 
Poultry  Appliances/'  has  been  prepared  by  the  department. 
A  large  amount  of  valuable  data  is  ready  to  be  put  in  shape  for 
publication. 

EXTENSION 

It  is  the  hope  of  the  department  to  reach  the  people  in  every 
section  of  the  State,  in  some  helpful  and  vital  way.  This  is 
being  accomplished  by  the  department  directly  through  corre- 
spondence and  through  various  outside  enterprises,  and  in 
cooperation  with  the  Extension  Office  through  the  reading-course 
lessons,  rural  school  leaflets,  etc. 

Correspondence. —  The  total  number  of  letters  written  during 
the  year  was  7,364;  in  addition,  2,393  ^^rm  letters  were  sent  out, 
making  a  total  of  9,757.  Two  stenographers  and  a  bookkeeper 
are  required  to  handle  the  correspondence  and  keep  the  general 
office  records. 

Publications, —  Three  reading-course  lessons  (two  on  incubation 
and  one  on  rearing  chickens)  have  been  written.  Eleven  lessons 
have  been  prepared  for  the  Rural  School  Leaflets  for  boys  and 
girls,  and  nine  lessons  have  been  revised  for  publication  in  the 
Rural  School  Leaflets  for  teachers. 

Extension  work  away  from  the  College. —  The  principal  exten- 
sion activities  of  the  department  for  the  year  are  shown  in  the 
following  tabulation: 

Farm  visits  to  give  advice,  to  assist  in  selecting  breeding 
stock,  grading  eggs,  and  laying  out  poultry  farms 62 

Speaking  engagements  in  connection  with  poultry  shows, 
granges,  young  men's  Christian  associations,  farmers' 
institutes,  etc 79* 

Educational  exhibits  staged  at  agricultural  fairs,  poultry 
shows,  young  men's  Christian  associations,  etc 23 

Total 164 

*  Some  of  these  lectures  were  given  in  connection  with  educational  exhibits. 
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Educational  exhibits, —  The  department  now  has  three  complete 
educational  exhibits,  all  of  which  are  frequently  in  use  at  the 
same  time.  These  are  staged  in  cooperation  with  poultry  shows, 
}'oung  men's  Christian  aissociations,  poultry  clubs,  agricultural 
fairs,  and  agricultural  schools.  Last  year  the  Department  of 
Poultry  Husbandry,  in  cooperation  with  the  New  York  State 
Fair  Commission,  tried  the  experiment,  which  was  repeated  suc- 
cessfully this  year,  of  giving  lectures  and  demonstrations  in  a 
large  tent  at  the  New  York  State  Fair.  Two  members  of  the 
department  staff  gave  lectures  and  demonstrations  almost  con- 
tinuously during  the  entire  time  that  the  fair  was  in  progress. 
A  full-sized  colony  brooder  house  was  constructed  for  use  at 
the  fair.  This  proved  so  instructive  that  we  hope  next  year  to 
be  able  to  build  a  full-sized,  modern  poultry  house,  fully  equipped 
and  stocked. 

Poultry  farm  survey. —  A  poultry  farm  management  survey  of 
as  many  different  types  of  poultry  interests,  in  as  widely  sepa- 
rated parts  of  the  State  as  possible,  was  undertaken  this  year. 
It  is  hoped  that  this  attempt  to  study  at  first  hand  the  actual 
conditions  of  poultry  farming  may  be  widely  extended.  The 
survey  work  enables  us  to  secure  a  mass  of  valuable  data  and 
puts  the  department  in  close  touch  with  the  salient  points  where 
improvements  may  be  made  in  methods  and  in  management. 

Market  egg  investigation. —  The  department  has  begun  a  care- 
ful study  of  the  quality  of  the  market  eggs  of  the  State  and  of 
the  methods  of  marketing.  Eleven  large  egg-producing  or  cgg- 
gathering  centers  have  been  visited  by  Mr.  Benjamin,  who  is 
giving  special  consideration  to  various  phases  of  poultry  market- 
ing problems.  The  investigation  has  proceeded  far  enough  to 
show  that  a  great  saving  to  the  poultrymen  of  the  State  may  be 
effected  through  a  better  understanding  of  the  needs  of  the  dif- 
ferent markets,  through  more  careful  handling  and  grading  of 
eggs  and  dressed  poultry,  and  through  better  methods  of 
breeding. 

A  breed  testing  station. —  Preparations  are  fully  under  way  to 
establish  at  the  College  a  i)oultry  breed  testing  station,  where 
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fowls  from  various  parts  of  the  State  will  be  trap-nested  for  two 
years.  The  eggs  from  the  best  hens  will  be  hatched,  and  the 
chickens  leg-banded  and  sent  to  the  owners.  By  this  means  it 
is  hoped  not  only  to  render  assistance  in  improving  the  produc- 
tive quality  of  poultry  through  systematic  line  breeding  from 
the  most  desirable  individuals,  but  also  to  improve  the  methods 
of  management  through  cooperative  record  keeping  and 
supervision. 

RECOM  MENDATIONS 

A  cooperative  marketing  enterprise. —  An  enterprise  having  the 
following  objects  in  view  should  be  established  at  the  College: 
(i)  To  demonstrate  the  value  of  community  cooperative  selling 
of  poultry  products ;  (2)  to  provide  means  for  giving  direct  in- 
struction to  our  students  in  cooperative  marketing  methods  and 
in  handling  poultry  products  on  a  large  scale ;  (3)  to  enable  the 
poultry  department  to  get  into  closer  touch  with  the  needs  of  the 
farmers  and  poultrymen  in  this  vicinity.  We  should  recom- 
mend, therefore,  that  as  soon  as  we  secure  the  facilities  for 
properly  handling  this  extension  enterprise,  the  department  be 
authorized  to  supervise  the  gathering,  grading,  and  marketing 
of  poultry  products  in  this  neighborhood.  The  project  would 
be  purely  for  educational  purposes  and  on  a  strictly  cooperative 
basis.  It  should  be  entirely  self-sustaining.  Judging  by  the 
success  of  similar  cooperative  enterprises  not  in  connection  with 
colleges,  the  project  would  result  in  materially  increasing  the 
price  that  the  producer  receives  for  the  grade  of  eggs  now  pro- 
duced, and  would  also  result  in  vastly  improving  the  quality  of 
the  product,  thus  enhancing  the  net  profits. 

Auxiliary  buildings  and  equipment, —  The  Department  o(  Poul- 
try Husbandry  is  not  yet  fairly  under  way.  We  are  scarcely 
beginning  to  meet  the  needs  of  the  people  of  the  State,  and 
before  we  can  do  this  we  must  have  more  room.  The  full  value 
of  the  new  building  cannot  be  secured  until  the  auxiliary  build- 
ings have  been  provided.  These  cannot  be  erected  until  the 
land  at  the  east,  at  the  west,  and  at  the  north  has  been  graded. 
The  new  building  must  be  equipped.  The  equipment  should  in- 
clude cold  storage  facilities  and  specially  prepared  apparatus  for 
investigating  nutrition  and  incubation  problems,  in  addition  to 
the  equipment  for  offices,  lecture  rooms,  and  laboratories.  With 
the  acquisition  of  the  necessary  auxiliary  buildings  and  equip- 
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ment  will  naturally  come  the  demand  for  more  help  in  each 
division  of  our  work.  We  are  positive  that  liberal  appropriations 
for  the  development  of  the  work  of  this  department  will  be  a 
profitable  investment  for  the  State  and  will  be  appreciated  by  the 
poultrymen  who  need  help  that  the  College  can  give. 
JAMES  E.  RICE, 

Professor  of  Poultry  Husbandry, 
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TEACHING 

The  number  of  students  ^ho  received  instruction  in  the  courses 
offered  by  this  department  is  given  in  the  following  list : 

No.  No. 

Regular  Coursefl                                                           — ^                      marked  Uugtat 

Fall 80  88 

Spring  97  .112 

Research  19  Spring i  2 

Farm  engineering  20 -!  ^^  • ^^  ^ 

^            ^                          (  Sprmg 52  60 

Research  28  i  f^". •'•       '  ' 

(  Spnng I 

Winter  Courses 

Farm  mechanics  7   General     agriculture,    83  100 


Total , 339      393 

INVESTIGATION 

The  research  work  of  the  year  consisted  in  the  thorough  testing 
of  traction  spraying  machines  to  determine  the  capacity  and  slip  of 
the  pump  and  the  power  required  to  operate  the  machine  on  testing 
stand.  This  work  nu)noiX)Hzcd  a  considerable  part  of  the  laboratory 
and  made  more  evident  than  ever  the  crowded  condition  of  the 
quarters  of  the  department. 

The  writer  has  compiled  and  rearranged  data  upon  the  question 
of  sewage  disposal,  adapting  them  especially  to  the  design  of  septic 
tanks  for  small  families ;  and  he  has  prepared  dimension  drawings  for 
«:mall  septic  tanks  for  a  forthcoming  bulletin. 

EXTENSION 

The  staff  of  the  department  is  not  yet  sufficiently  large  to  enable 
us  to  spare  a  competent  person  from  the  teaching  force  to  attend 
meetings  away  from  the  college.  Inquiries  by  mail  or  from  visitors 
were  carefully  attended  to  throughout  the  year,  however,  and  the 
department  maintained  an  exhibition  of  machinery  in  motion  during 
Farmers'  Week. 

[civ] 
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NEW  quarters 

Plans  have  been  prepared  for  a  new  building  to  be  constructed 
with  the  material  from  the  old  North  Barn,  which  has  been  torn 
down.  The  building  will  be  of  one  story,  40  ft.  by  96  ft.,  and  will 
give  much-needed  relief  not  only  to  this  department  but  also  to  all 
the  other  departments  now  housed  in  the  building  with  it. 
HOWARD  W.  RILEY, 

Assistant  Professor  of  Farm  Mechanics, 
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During  the  year  1910-1911  the  Department  of  Chemistry  has 
moved  into  new  quarters.  It  now  occupies  the  main  floor  of  the 
recent  extension  to  Morse  Hall  and  has  a  floor  space  of  approxi- 
mately 3,800  square  feet.  This  change  has  been  made  possible 
through  the  generosity  of  Mr.  Carnegie  to  the  Department  of 
Chemistry.  The  several  offices,  the  laboratory  of  the  experiment 
station,  and  the  laboratories  for  the  students  are  now  conveniently 
arranged.  The  department  is  therefore  able  to  conduct  its  work 
with  less  effort  than  heretofore  and,  it  is  hoped,  with  increased 
efficiency. 

The  work  of  the  department  has  been  along  the  same  general  lines 
as  in  the  past,  divided  about  equally  between  instruction  and  exten- 
sion work.  The  extension  work  is  done  principally  in  the  labora- 
tory, where  problems  of  many  kinds  are  investigated.  Various 
materials  of  an  agricultural  nature,  which  are  sent  by  the  people 
of  the  State  to  the  College,  are  examined  here.  The  accompanying 
list  shows  the  number  and  variety  of  samples  examined  during  the 
past  year.    Thi^  number  is  401  in  excess  of  last  year. 

Acid  phosphate i  Feeds 18 

Air  3  Fertilizers i 

Albumen i  Fish  scrap i 

Ant  powder i  Flour i 

Ashes 3  Foods,  condimental i 

Barley i  Formaldehyde i 

Bean  pods 2  Furnace  refuse i 

Beans 2  Grape  pomace i 

Bedbug  powder i  Gypsum i 

Beef  scrap 2  Hay 2 

Bone  black i  Hominy i 

Buckwheat i  Lead  arsenate 4 

Buckwheat  midds i  Lime 21 

Qay 2  Lime-sulfur 3 

Copper  salts i  Mangels 8 

Com  roots i  Maple  sugar i 

Cottonseed  hulls i  Marl 7 

Cultures  (nitrate) 252  Meat  scrap 3 

[cvi] 
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evil 


Meats 6 

Milk 349 

Milk  refuse 2 

Moth  powder i 

Muck 8 

Ore 2 

Peanuts 2 

Peat 2 

Poison  cases 15 

Polishes  I 

Potash 2 

Poultry  manures 12 

Refuse,  spar i 

Roach  powders 5 


Rock 3 

Roots 3 

Sand I 

Sheep  manure i 

Silage II 

Soils no 

Sprouted  grain I 

Sulfur I 

Tankage 2 

Tannery  refuse 2 

Vinegar 3 

Water 4 

Well  deposit i 

Wood  mold i 


Total 


905 


There  is  in  progress  a  study  of  the  relation  of  the  chemical  com- 
position of  hens'  eggs  to  the  vitality  of  the  young  chick.  This  in- 
vestigation is  being  conducted  in  cooperation  with  the  Department 
of  Poultry  Husbandry. 

Of  the  various  endeavors  in  the  line  of  our  extension  work,  the 
determining  of  the  lime  requirement  of  soils  seems  to  have  given 
the  best  results.  Our  correspondence  leads  us  to  believe  that  the 
work  is  showing  tangible  results  and  should  be  continued. 

Members  of  this  department  were  in  attendance  at  extension  meet- 
ings thirty  days  during  the  year. 

GEORGE  W.  CAVANAUGH, 
Professor  of  Chemistry  in  Its  Relations  with  Agriculture, 
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TEACHING 


The  recent  college  year,  1910-191 1,  has  witnessed  marked  im- 
provement in  the  Department  of  Rural  Art.  This  improvement 
is  due  as  much  to  the  student  as  to  the  department  itself,  being 
the  result  of  two  influences :  first,  we  are  now  reaping  the  benefits  of 
a  better  and  more  pertinent  freshman  and  sophomore  training  of 
the  student,  our  requirements  being  both  more  carefully  con- 
sidered and  more  clearly  stated ;  and  second,  those  who  are  now 
coming  to  us  show  greater  natural  ability  than  did  former 
students,  which  of  course  makes  for  added  proficiency  in  the 
work.  To  summarize,  the  course  seems  to  be  approaching  a 
more  nearly  perfect  organization,  and  to  be  attracting  students 
who  are  willing  to  give  careful  thought  to  their  first  two  years 
in  college  and  who  wish  seriously  to  follow  the  work  as  a  voca- 
tional and  an  avocational  study,  not  merely  as  a  college  elective. 
We  are  beginning  to  train  students  as  appreciators  of  art  as  well 
as  for  the  actual  profession  of  landscape  advisers,  a  fact  that  is 
both  gratifying  and  indicative  of  a  true  call  for  such  work  of 
instruction  as  the  department  is  aiming  to  give.  This  year  the 
course  has  unquestionably  proved  its  value  and  the  necessity  of 
its  inclusion  in  the  College  curriculum. 

Previous  to  the  year  just  ended  there  have  been  many  difficul- 
ties experienced  in  the  formation  of  the  course.  This  past  year 
has  seen  practically  no  changes,  the  department  finding  that  for 
the  present  a  sufficient  range  is  covered  by  the  courses  offered, 
and  also  that  such  courses  as  are  given  seem  in  the  main  to  be 
meeting  the  requirements. 

To  improve  and  perfect  the  present  courses,  rather  than  to 
enlarge  them  and  offer  more,  has  been  the  department's  aim.  In 
order  to  approach  a  higher  standard  in  all  teaching,  especially 
in  so  subtle  a  subject  as  the  one  under  consideration,  slight 
changes  and  adjustments  must  constantly  be  made;  but  on  the 
whole  there  have  been  few  real  alterations  in  course  work  during 
the  past  year.  There  seems  to  be,  however,  a  necessity  to 
adjust  the  individual  course  to  the  immediate  class,  their  under- 
standing and  intuitiveness  determining  largely  the  real  method 

[cviii] 
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of  the  work.  For  example,  during  the  past  year  it  was  impos- 
sible to  conduct  Course  4,  The  Theory  of  Landscape  Design,  as 
usual;  instead,  it  was  possible  and  almost  essential  to  eliminate 
a  large  part  of  the  explanatory  and  more  primary  part  of  the 
work,  since  the  greater  number  of  the  students  registered  were 
more  than  usually  familiar  with  its  prefatory  details.  Another 
year  the  reverse  might  be  true^  this  being  due  not  so  much  to 
the  preliminary  training  of  the  student  as  to  his  inherent  feeling 
and  understanding. 

It  has  also  been  necessary  for  us  to  feel  our  way  very  care- 
fully in  the  teaching  of  many  of  our  courses,  especially  in  our 
work  in  Plant  Materials.  Instruction  in  botany  or  horticulture 
is  not  desired,  but  instead  the  aim  of  the  instructor  must  be  to 
create  in  the  student  a  true  feeling  for  the  plant,  its  adaptability 
to  the  needs  of  the  plantsman,  etc. ;  a  friendly  relation,  but  not 
too  intimate.  The  student  must  know  the  plant  as  an  element 
of  the  beautiful,  a  friend  among  people ;  on  the  contrary,  he  has 
been  looking  at  the  plant  too  scientifically,  in  fact  inquisitively, 
feeling  that  he  must  know  its  most  detailed  structure  rather 
than  its  character  and  individuality.  His  information  must  be 
well  grounded,  but  need  not  be  too  botanical ;  it  should  be,  rather, 
along  horticultural  lines.  In  consequence,  these  courses  are  still 
a  bit  formative,  and  must  so  remain  until  we  can  find  the  happy 
medium ;  but  they  are  gradually  being  so  arranged  and  perfected 
that  by  another  year  the  department  should  see  its  aims  more 
fully  realized. 

As  to  additional  courses,  it  will  soon  be  incumbent  on  the 
department  to  offer  work  in  Civic  Design,  a  course  specializing 
largely  in  the  design  of  cities  and  of  their  park  systems,  together 
with  their  traffic  problems.  Our  present  Course  4,  The  Theory 
of  Landscape  Design,  touches  on  these  subjects,  giving  a  fair 
amount  of  time  to  park  design  but  less  to  civic  work,  the  latter 
being  so  large  a  subject  as  hardly  to  permit  of  much  discussion 
in  the  time  we  are  able  to  allot  to  it.  But  the  demand  for  instruc- 
tion in  the  arrangement  of  towns  and  cities  is  growing  so  rapidly, 
that,  as  has  been  said,  it  will  doubtless  be  necessary  for  us  to 
establish  an  independent  course  in  this  work  for  "the  student  in 
his  senior  year  or  as  graduate  work. 

Attention  must  also  be  given  to  Course  5,  Elementary  Land- 
scape Design.  Eventual  additions  must  be  made  to  this  course 
in  order  to   render  it  more  complete,  more  intelligible  to   the 
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avocational  student,  and  more  helpful  to  the  agriculturist.  At 
present  it  is  too  much  in  the  nature  of  an  introductory  course  to 
later  work,  teaching  students  what  they  should  have  learned 
before  entering  the  department  of  aesthetics  and  the  beauties 
of  art  and  nature;  the  course  should  rather  be  a  digest  of  the 
more  advanced  or  detailed  work,  simplified  for  the  student  need- 
ing some  but  not  all  of  the  work  of  the  department.  We  are 
now  reaching  the  elemental  student,  but  we  can  do  this  much 
better  from  the  standpoint  of  the  agriculturist.  We  must  create 
a  feeling  of  need,  and  entirely  eliminate  the  now  somewhat  prev- 
alent idea  that  we  are  encouraging  a  luxury. 

During  the  year  1910-1911,  the  work  of  teaching  has  been  con- 
ducted, as  during  the  previous  year,  by  a  staff  consisting  of  the 
following  members :  an  assistant  professor  in  charge  of  the  de- 
partment; an  instructor  in  charge  of  drafting  work,  and  as  aid 
to  the  head  of  the  department ;  an  instructor  in  Plant  Materials. 
In  addition  to  this  regular  staff,  lecturers,  landscape  advisers, 
and  civic  architects  were  engaged  to  address  the  students. 
Among  the  latter  were  the  following:  Thomas  H.  Mawson, 
lecturer  on  landscape  design  at  the  University  of  Liverpool; 
Charles  Mulford  Robinson,  this  country's  most  eminent  writer 
and  adviser  on  civic  work;  Professor  James  Sturgis  Pray,  head 
of  the  Department  of  Landscape  Design  at  Harvard  University ; 
Ferrichio  VitaUe  and  Arthur  Brinckerhoif,  practicing  landscape 
architects  of  New  York;  and  others  equally  able.  Capable 
assistance  has  also  been  given  the  department  by  several  colleges 
of  the  University,  in  particular  the  College  of  Architecture,  to 
which  we  are  greatly  indebted,  and  to  the  Department  of  Draw- 
ing of  the  College  of  Agriculture,  the  latter  department  having 
given  our  students  most  valuable  instruction  in  such  freehand 
drawing  as  is  peculiar  to  our  work. 

During  the  past  year,  owing  to  a  lack  of  proper  quarters  in 
the  College  of  Agriculture  it  has  seemed  best  to  continue  to  use 
the  space  so  kindly  granted  us  in  White  Hall  by  the  College  of 
Architecture  for  the  past  few  years.  Other  factors  governing 
our  stay  there  have  been:  convenience  to  the  library  of  the 
College  of  Architecture;  the  excellence  of  the  drafting-room 
facilities;  the  environment  of  the  College;  and  the  possible  close 
association  of  our  students  with  those  studying  similar  work. 

W^rc  the  College  or  Agriculture  to  provide  suitable  space  for 
this  department,  a  proper  atmosphere,  which  is  so  essential  to  good 
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creative  work,  could  be  established  and  suitable  reference  libraries 
arranged ;  but  the  eventual  close  relation  or  association  of  the  land- 
scape designer  and  the  architect  demands  a  close  and  complete  ac- 
quaintanceship, which  would  be  hard  to  bring  about  if  complete 
segregation  were  attempted.     On  the  other  hand,  the  department 
feels  that  the  College  of  Agriculture  is  losing  a  considerable  influence 
which  could  be  better  felt  were  the  department  given  proper  quarters 
in  its  own  College  group.    The  department  is  confident  in  saying 
that  during  the  past  two  years  it  has  materially  influenced  and 
actually  bettered  the  minds  and  lives  of  many  of  the  agricultural 
students.    It  has  opened  their  eyes  and  taught  them  an  appreciation 
that  is  bound  to  make  for  a  better  understanding  of  their  conditions. 
The  work  has  been  truly  missionary  in  some  cases;  and,  to  repeat, 
if  the  department  could  be  properly  housed  in  its  own  College  it 
could  exert  a  still  stronger  influence,  one  that  we  believe  might  be 
quite  phenomenal.    It  is  the  desire  of  the  department  that  its  work 
should  be,  not  primarily  the  training  of  landscape  designers,  but 
rather  to  teach  an  understanding  of  the  beautiful,  an  appreciation 
which  will  help  both  the  rural  and  the  city  man,  making  him  recog- 
nize and  esteem   his   surroundings.    It   remains    with  the  College 
of  Agriculture.    Good  work  is  being  done,  but  better  work  is  possi- 
ble.   A  marked  influence  is  being  lost,  which  the  providing  of  a  good 
rural  art  building,  or  of  suitable  quarters,  would  save. 

We  are  at  present  training  all  of  the  professionally  inclined  stu- 
dents that  we  should  train,  it  being  better,  both  for  the  good  of  the 
profession  of  landscape  architecture  and  for  the  standing  of  the 
department,  that  only  capable  men  and  women  be  turned  out.  This 
of  course  means  fewer  students  and  closer  supervision  of  their  work. 
There  are  many  more  that  we  should  reach  educationally  but  not 
professionally. 

In  case  a  building  were  to  be  given  us,  it  might  be  suggested,  first, 
that  such  a  building  should  be  given  fair  prominence  in  the  College 
group;  and,  second,  that  its  particular  location  should  be  such  as 
would  be  convenient  both  to  the  College  and  to  the  University,  par- 
ticularly the  College  of  Agriculture,  thus  facilitating  our  own 
students,  those  from  the  College  of  Arts  and  Sciences,  and  also 
students  from  the  Architectural  Department,  from  whom  we  can 
take  a  great  deal  and  to  whom  we  can  give  much. 

EXTENSION 

Lack  of  time  and  money  has  prevented  the  performance  of  any 
amount  of  extension  work  during  the  past  year,  the  department  not 
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having  had  sufficient  subordinate  aid  to  allow  of  much  time  being 
given  to  this  branch  of  teaching.  Outside  lecture  work 
has  been  done,  and  many  suggestions  and  plans  have 
been  made  by  the  department  whenever  possible  or  per- 
missible. In  some  instances  the  department  has  sent  representa- 
tives to  conduct  and  oversee  rural  improvements.  Work  on  the 
George  Junior  Republic  Inn  at  Freeville,  N.  Y.,  was  conducted  in 
this  manner,  one  of  our  abler  students  having  been  given  entire 
charge  by  the  department  and  by  the  owners  of  the  inn  to  plan  and 
execute  its  surroundings. 

Similar  recommendations,  but  of  a  less  important  character,  have 
been  made  and  much  correspondence  has  been  held  with  rural  people 
seeking  advice.  There  is,  however,  little  money  available  to  do  good 
extension  teaching  of  this  nature,  and  it  is  recommended  that  funds 
be  set  aside  for  such  work,  additional  to  those  necessary  for  the 
general  maintenance  of  the  department. 

The  department  would  like  most  of  all  to  conduct  a  campaign  for 
the  improvement  of  the  rural  schools  of  the  State.  This  would  be  of 
a  more  or  less  competitive  character,  at  first  limiting  to  one  school 
in  each  county  the  suggestions  given,  the  manner  of  choosing  the 
school  being  determined  later.  Possible  prizes  or  a  cup  would  be 
offered  to  the  school  best  interpreting  the  ideas  given.  These  plans 
are  yet  in  embryo,  but  are  being  given  constant  thought,  and  it  is 
hoped  that  they  may  be  brought  to  a  full  realization. 

The  department  must  soon  issue  a  bulletin  on  rural  improvement, 
there  being  constant  inquiry  for  such  a  publication. 

The  out-of-town  lecturers  brought  to  Ithaca  by  the  department 
during  the  past  year  should  be  properly  considered  under  the  head 
of  extension  teaching,  since  in  most  cases  their  lectures  have  been 
open  both  to  the  student  and  to  the  general  University.  The.  effect 
of  these  lectures  has  been  unquestionably  good,  creating  a  better 
understanding  of  the  work  of  the  department,  as  well  as  a  more 
universal  interest  in  this  work. 

FUNDS  AND  EXPENDITURES 

Such  moneys  as  have  been  placed  at  our  disposal  during  the  past 
year  have  been  spent  entirely  for  the  direct  oMiducting  of  the  courses, 
as  for  salaries  and  for  running  expenses  primarily.  A  few  additional 
slides  for  illustrative  purposes  might  be  included,  however,  and  sev- 
eral books  for  the  special  use  of  the  department  rather  than  for  use 
through  libraries.     Considerably  more  money  could  be  used  if  it 
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could  be  obtained,  particularly  for  completing  our  files  of  landscape 
illustrations,  plans,  etc.  We  are  constantly  in  need  of  all  of  this 
material,  and  to  date  most  of  that  which  we  possess  has  been  given 
to  us.  Much  more  is  needed,  principally  such  as  we  shall  of  necessity 
have  to  purchase.  In  general,  more  money  can  be  used  primarily 
for  the  purchase  of  material  with  which  to  teach,  since  we  wish  to 
use  actual  illustration  whenever  possible. 

SUMMARY 

The  above  report,  while  not  in  considerable  detail,  will  give  a  fair 
idea  of  the  workings  of  the  department  and  of  its  condition.  It  has 
been  teaching  more  students  each  year,  until  now,  with  its  present 
equipment,  finances,  and  instructing  staff,  it  has  about  reached  the 
limit  of  its  possibilities  so  far  as  professional  teaching  is  concerned. 
There  is,  however,  a  considerable  amount  of  work  of  a  general  edu- 
cational character  yet  to  be  done.  The  department  n^ust  be  more  gen- 
erally educational  in  its  scope,  our  present  condition  being  slightly 
contrary  to  our  true  aims.  The  call  for  professional  teaching  has  been 
large  and  we  are  doing  our  best  to  meet  it;  but  we  need 
to  consider  more  carefully  general  education  along  rural  art  lines. 
This  will  come  in  time.  More  can  and  will  be  done  toward  interest- 
ing the  general  student,  as  well  as  the  student  whose  aim  is  the 
profession  of  landscape  architecture. 

BRYANT  FLEMING,    . 

Assistant  Professor  of  Rural  Art. 
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For  the  past  year  the  following  is  the  number  of  students  taking 
work  in  the  several  courses  in  the  Department  of  Drawing: 

Pint  Second 

term  term 

Course  i  —  Elementary  Mechanical  Drawing 17  18 

Course  2  —  Elenjentary  Freehand  Drawing 35  35 

Course  3  —  Applied  Drawing 5  5 

Course  7  —  Sketch  Class  for  Rural  Art  Students 7  8 


64        66 

Adding  the  numbers  for  both  terms  gives  130  as  against  89,  the 
total  for  the  year  1909-1910,  showing  a  gratifying  gain  of  41,  or 
nearly  50  per  cent.  This  is  partly  accounted  for  by  the  fact  that  in 
1909-191  o  Course  i,  Mechanical  Drawing,  was  given  only  in  the 
first  semester.  In  the  past  year  this  course  was  repeated  in  the 
spring  term,  and,  as  indicated  by  the  registration,  was  a  desirable 
addition  to  the  work  offered  in  this  department. 

The  course  in  Elementary  Mechanical  Drawing  is  designed  to 
cover  as  far  as  possible  the  needs  of  the  general  agricultural 
student,  and  not  only  includes  the  usual  simple  lettering,  projec- 
tions, and  machine  drawing,  but  also  exercises  in  laying  out  farm 
boundaries  and  house  or  barn  planning.  Indeed  it  is  the  only 
elementary  general  course  in  the  subject  offered  in  the  University, 
all  courses  of  this  nature  being  adapted,  in  the  other  technical  col- 
leges, to  the  particular  needs  of  the  engineers.  Therefore  some  of 
the  students  electing  work  in  this  department  were  from  the  Col- 
lege of  Arts  and  Sciences. 

From  the  number  of  students  interested  in  and  applying  for  the 
work  in  mechanical  drawing,  but  because  of  conflicts  unable  to 
register  for  the  course,  it  is  not  unlikely  that  ere  long  an  additional 
section  will  be  necessary  each  term  in  order  to  accommodate  all  who 
desire  to  take  the  subject. 

In  the  freehand  courses  the  results  of  the  year's  study  were  on 
display  in  the  latter  part  of  the  year  in  the  form  of  an  exhibition, 
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the  uniformly  favorable  comments  on  which  were  certainly  gratify- 
ing. While  classes  vary  considerably  in  ability  as  well  as  in  num- 
bers and  the  output  of  the  past  year  was  exceptionally  creditable, 
it  is  nevertheless  to  be  hoped  that  such  exhibition  of  students'  work 
may  be  manie  a  regular  annual  event. 

The  equipment  of  the  department  is  being  increased  as  need 
arises.  In  the  past  year  a  few  additional  shells,  skulls,  and  mounted 
birds  and  animals  were  acquired  for  the  freehand  courses,  and 
some  simple  machine  parts  for  the  mechanical  drawing. 

INVESTIGATION 

While  the  department  does  no  investigational  work  as  such,  there 
are,  of  course,  constant  experiments  to  determine  the  best  ma- 
terials and  methods  of  graphic  expression  as  required  by  the 
scientific  students. 

EXTENSION 

The  extension  work,  as  it  may  properly  be  called,  continues  in  the 
department,  in  the  endeavor  to  make  the  illustrative  matter  in  the 
bulletins  and  leaflets  published  by  the  College,  and  the  diagrams 
and  charts  employed  by  the  various  departments  in  their  extension 
work,  as  artistic  as  may  be,  thereby  giving  to  them  as  far  as  pos- 
sible added  aesthetic  value. 

W.  C.  BAKER, 

Assistant  Professor  of  Draiving, 
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In  addition  to  the  usual  courses  given  by  the  Department  of 
Rural  Economy,  there  was  offered  this  year  for  the  first  time  a 
course  in  Conservation.  Although  primarily  for  students  in  Agri- 
culture, this  course  was  elected  by  a  number  of  Arts  students. 

INVESTIGATION 

The  investigational  work  is  confined  to  the  needs  of  courses  of 
instruction,  the  development  of  a  fundamental  study  of  crop  pro- 
duction, and  the  preliminary  considerations  of  the  problem  of  co- 
operation in  the  State  of  New  York.  The  crop-production  study, 
as  well  as  some  of  the  advanced  work  of  the  students,  is  facilitated 
by  the  addition  of  the  **  Millionaire  "  computation  machine. 

EXTENSION 

The  extension  work  continues  mainly  along  the  lines  of  corre- 
six)ndence  work  and  of  lectures  at  a  limited  number  of  places  on  the 
social  and  economic  problems  of  agriculture.  The  correspondence 
emphasizes  increasingly  the  need  of  a  fundamental  study  of  co- 
operation with  special  reference  to  New  York,  since  the  kind  of 
information  and  of  other  aid  desired  is  often  of  so  specific  a  nature 
that  only  a  thorougli  study  of  conditions  in  New  York  and  in  other 
States  and  countries  can  supply  it. 

G.  N.  LAUMAN, 

Professor  of  Rural  Economy. 
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The  staff  of  the  Department  of  Home  Economics  in  1910-1911 
consisted  of  the  following: 

Two  instructors  on  full  time,  one  instructor  on  half  time, 
one  assistant,  one  stenographer,  one  clerk  and  general  helper, 
one  additional  instructor  during  the  Winter-Course. 

The  number  of  courses  offered  during  the  year  was  as  follows : 

Regular 10 

Winter-Course 4 

Summer  School 4 

The  registration  in  the  department  appears  below : 

Freshmen 25 

Sophomores 12 

Juniors 10 

Seniors 3 

Winter-Course 28 

Summer-Course 45 

Students  from  other  departments  and  colleges. : 42 

Neiv  work, —  An  instructor  in  Domestic  Art  was  appointed  this 
year  and  for  the  first  time  a  course  in  House  Furnishing  and 
Decoration  was  offered.  The  course  in  House  Planning  given 
the  year  before  by  courtesy  was  extended,  and  made  a  part  of 
the  four-year  scheme. 

A  laboratory  assistant  was  appointed  to  care  for  the  increasing 
number  of  students. 

A  small  amount  of  sewing  was  given  to  the  regular  students 
during  the  Winter-Course  months.  This  is  the  first  attempt 
made  to  include  any  sewing  in  the  four-year  course. 

A  Summer-Course  in  Home  Economics  was  offered  for  the 
first  time  in  the  history  of  th^  department.  The  staff  of  the 
department  for  the  Summer-Course  consisted  of  two  instructors 
and  one  assistant. 

[cxvii] 
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Four  courses  were  offered  by  this  department  in  the  Summer 
School : 

A.  Foods 2  hours 

B.  Nutrition 2  hours 

C.  Sanitation 2  hours 

D.  Household  Management 2  hours 

The  total  number  of  students  registered  for  one  or  more 
courses  in  the  Summer  School  was  46.  The  number  of  students 
registered  for  six  or  more  hours  of  work  was  45. 

INVESTIGATION 

An  investigation  was  conducted  among  various  industries  in 
order  to  determine  the  existing  demands  for  women  trained  in 
home  economics,  and  also  to  ascertain  what  preparation  is  re- 
quired to  render  graduates  from  this  department  of  value  for 
such  positions. 

An  investigation  has  also  been  conducted  with  the  object  of 
determining  the  value  of  equipment  in  home  economics  labora- 
tories, the  kinds  of  flooring  best  for  institutions,  etc. 

EXTENSION 

llie  extension  work  has  been  conducted  by  means  of  corre- 
spondence, lectures,  and  circulation  of  bulletins.  Clubs  of  farm 
women  have  been  organized  in  rural  communities  for  the  study 
and  discussion  of  the  bulletins  issued  by  the  Department  of 
Home  Economics.  The  department  has  conducted  correspond- 
ence in  connection  with  club  study  and  with  individual  members 
of  the  reading-course.  The  membership  in  the  course  has  not 
been  largely  increased  because  of  our  inability  to  supply  new 
material  under  the  funds  appropriated. 

At  the  end  of  the  year  there  were  17,436  persons  registered  in 
the  reading-course,  and  46  study  clubs;  and  83  addresses  had  been 
given  by  members  of  the  department  during  the  year. 

The  Housekeepers'  Conference,  an  organization  of  farm 
women,  held  its  annual  meeting  at  the  College  during  Farmers' 
Week.  Several  hundred  women  were  present  during  the  week. 
Twenty-four  special  lectures  were  given  by  members  of  the  staff 
and  others  upon  subjects  of  home  interest. 
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RECOMMENDATIONS 

The  most  urgent  need  at  the  present  time  is  for  a  well- 
equipped  person  to  develop  the  textile  and  sewing  phases  of  the 
instruction.  The  money  at  the  command  of  the  department  is 
not  sufficient  to  pay  a  competent  instructor  for  this  work. 

A  house  to  be  used  as  a  laboratory  for  instruction  in  dietetics 
and  household  management  is  much  needed,  and  it  is  recom- 
mended that  if  such  a  house,  to  hold  not  more  than  twenty  per- 
sons nor  less  than  six,  becomes  available  on  the  campus  during 
the  coming  year,  arrangements  be  made  to  procure  it  for  the  use 
of  the  department.  At  present,  instruction  in  household  man- 
agement is  largely  according  to  theory  and  loses  much  of  its 
value  from  not  having  the  actual  conditions  of  housekeeping  pre- 
sented concretely. 

A  course  in  the  chemistry  of  foods  similar  to  the  one  now 
offered  in  Agricultural  Chemistry  is  needed.  It  is  recommended 
that  such  a  course  be  outlined  by  the  departments  of  Chemistry 
and  Home  Economics,  and  that  an  arrangement  be  made 
whereby  a  certain  amount  of  the  time  of  a  special  instructor  may 
be  set  aside  for  the  course. 

MARTHA  VAN  RENSSELAER, 
FLORA  ROSE, 

Lecturers  in  Home  Economics. 
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The  one  course  in  the  curriculum  given  by  this  office  attempts  to 
place  students  in  touch  with  the  affairs  in  tlieir  communities 
tlirough  study  of  the  principles  of  organization  and  through  prac- 
tice in  writing  on  and  presenting  country-life  subjects.  Parlia- 
mentary practice  is  made  ai  strong  feature,  in  order  that  young  men 
in  the  country  may  hold  their  own  in  public  debates.  The  instruc- 
tion aims  to  keep  alive  interest  in  those  literary  exercises,  debates, 
and  public  discussions  which  so  thoroughly  mark  the  country  resi- 
dents as  thinkers.  It  is  hoped  to  maintain  the  interest  that  formerly 
found  its  expression  in  spelling  matches,  debates,  and  the  old  time 
"  literary."  While  in  the  past  two  years  much  interest  has  been 
shown  in  the  preparation  for  the  annual  stage  in  public  speaking 
in  the  College  of  Agriculture,  there  is  a  marked  increase  this  year, 
due  to  the  establishment  of  the  Eastman  prize  of  $ioo  in  public 
speaking  for  agricultural  students.  This  prize  is  probably  the 
largest  ever  offered  in  a  college  of  agriculture  for  the  encourage- 
ment of  rural  leadership  and  for  the  promotion  of  effective  self- 
expression  among  agricultural  students.  Through  the  forces 
generated  by  this  competition,  new  life  will  be  infused  into  the 
economics  and  politics  of  the  country.  The  registration  of  58 
students  in  Extension  i  and  of  31  students  in  Extension  2  has 
taxed  to  the  utmost  the  resources  of  the  office,  since  the  laboratory 
or  practice  work  consumed  five  periods  a  week  for  the  former  and 
four  for  the  laAter,  calling  for  individual  attention  to  each  student 
in  the  laboratory. 

Besides  the  regular  course  throughout  the  year  the  winter-course 
students  have  asked  for  special  instruction  along  these  lines,  which 
has  been  given  in  an  unorganized  way.  This  year  a  definite  course 
to  meet  such  a  demand  has  been  placed  on  the  Winter-Course 
schedule. 

EXTENSION 

The  extension  enterprises  of  this  office  fall  under  three  general 
heads : 

I.  The  oral  presentation  of  ideas. —  It  is  the  aim  of  the  office  to 
aid  all  departments  in  the  College  in  givinc:  lectures  throughout  the 
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State  during  the  year.  Many  of  the  departments  did  outside 
lecturing  during  the  past  year.  With  their  experimental  and  teach- 
ing work  they  are  often  hard  pressed  by  the  extension  work  beyond 
what  is  reasonable  to  expect  in  view  of  the  research  and  resident 
teaching  required.  The  lectures  by  members  of  the  College  staff 
were  given  on  request  at  county  and  subordinate  fairs,  granges, 
agricultural  and  horticultural  clubs,  farmers'  and  teachers'  insti- 
tutes, dairymen's  and  poultrymen's  associations,  and  Farmers' 
Week.  Departments  give  lectures  sometimes  on  their  own  funds 
and  do  not  always  turn  in  reports.  This  weakness  is  being  cor- 
rected. In  the  departmental  reports  the  figures  on  such  detached 
lectures  should  appear.  Directly  on  the  funds  of  this  office  194 
lectures  were  given  in  forty  counties,  with  21,560  persons  in  attend- 
ance, as  shown  below : 

Extension  meetings  in  counties 

County  Attendance    MeetiuKi 

Albany 300  i 

Allegany 2,200  8 

Broome 900  5 

Cattaraugus 1 50  i 

Cayuga 350  4 

Chautauqua 1,800  3 

Chemung 1,075  7 

Chenango 130  2 

Columbia 80  i 

Cortland 450  8 

Delaware 140  2 

Erie 8(p  8 

Franklin * 350  5 

Genesee 300  2 

Greene 50  i 

Jefferson 260  3 

King 200  I 

Lewis 450  4 

Madison 550  8 

Monroe 300  12 

New  York 450  10 

Niagara 250  i 

Oneida 385  6 

Onondaga 575  8 
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County  Attendance    Meetings 

Ontario 475  6 

Orange 400  3 

Orleans 150  i 

Oswego 220  5 

Otsego 150  2 

Schuyler 260  2 

Seneca  . 450  7 

St.  Lawrence 1,050  5 

Steuben 100  i 

Suffolk 850  7 

Tioga 600  6 

Tompkins 2,000  20 

Warren 150  i 

Wayne 580  5 

Wyoming 525  3 

Yates 1,105  9 


21,560  194 

Last  year  the  Farmers'  Week  established  itself  on  a  more  firm 
basis.  Approximately  2,500  persons  were  in  attendance  during 
the  week,  traveling  from  the  farthermost  parts  of  the  State,  coming 
in  some  cases  as  individuals  and  in  many  cases  as  representatives 
of  organizations.  A  number  of  organizations  met  here  during  that 
week  and  instituted  the  poiicy  for  organizations  to  hold  annual  meet- 
ings here  during  Farmers'  Week.  A  summarized  statement  of 
Farmers'  Week  follows : 

Statement  of  Farmers'  Week 
February  20-25,  191 1 
Number  of  lectures  given 295 

Round  tables: 

Vegetable  Growers, 

Country  Church  (3), 

Animal  Husbandry 5 

Fruit  packing  school: 

Each  afternoon,  Tuesday  to  Friday,  inclusive 4 
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Conventions  and  conferences : 

Drainage  Convention, 

Homemakers'  Conference, 

Plant-Breeders'  Association, 

Poultry  Institute, 

Rural  Church  Conference, 

School  Conference, 

Students'  Association, 

Vegetable  Growers, 

Experimenters'  League, 

Editors'  Conference, 

Dairy  Students'  Association 1 1 

Exhibitions : 

Animal  Husbandry, 

Traveling  Library, 

Corn  Show, 

Dairy  Industry, 

Entomology, 

Farm  Mechanics, 

Home  Economics, 

Horticulture, 

Plant-Breeding, 

Plant  Pathology, 

Poultry, 

Soil  Technology 12 

Contests : 

Eastman  Stage, 

Winter-Course  Stage,   - 

Morrison  Debate  (winter-course) 3 


330 


Number  registered  (this  does  not  give  exact  attendance) . . .  .1,632 
Number  of  cooperating  lecturers  outside  the  College  of  Agri- 
culture        51 


The  demand  for  educational  exhibits  at  the  fairs  still  remains  very 
heavy.  This  year  14  departments  were  represented  at  the  State 
Fair  and  a  staff  of  41  persons  was  in  constant  attendance,  giving 


Digitized  by  VjOOQIC 


cxxiv  Extension  Department 

counsel  to  the  hundreds  of  inquirers.  Educational  exhibits  were 
sent  to  13  county  fairs,  with  transportation  expenses  shared  dollar 
for  dollar  between  the  local  society  and  the  College.  This  marks 
a  long  step  in  advance  and,  with  other  similar  propositions  from 
the  College,  places  the  burden  of  such  work  on  the  local  community 
with  a  fair  division  of  expenses.  This  plan  accomplishes  two  things : 
first,  it  allows  the  work  to  grow  more  rapidly  than  would  be  possi- 
ble under  the  State  appropriations  alone;  second,  it  has  an  educa- 
tional effect  in  arousing  the  community  to  action.  It  is  difficult  to 
estimate  the  number  of  people  reached  in  this  way,  but  on  a  basis 
of  10,000  persons  at  each  local  fair,  with  one  half  seeing  the  Cornell 
exhibit,  and  at  the  New  York  State  Fair  an  attendance  of  188,308, 
and  one  fourth  seeing  the  Cornell  exhibit,  we  have  reached  112,077 
people. 

Summarizing  the  events  as  given  above,  with  additional  figures, 
we  have  approximately  the  following  number  of  persons  reached 
through  such  means  as : 

Farmers'  Week 2,500 

Single  extension  lectures 21,560 

Fairs 112,077 

Total 136,137 

2,  The  ivritten  presentation  of  ideas  has  to  do  with  the  different 
experiment  station,  nature-study,  and  reading-course  publi- 
cations which  we  have  for  distribution.  The  experiment  station 
literature  is  not  so  effective  as  it  should  be,  since  approximately 
fifty  per  cent  of  it,  or  more,  is  placed  in  the  hands  of  persons  who 
do  not  desire  it,  thereby  not  only  wasting  much  of  that  literature, 
but  decreasing  the  interest  of  the  recipients  in  the  publications 
as  a  whole.  Following  the  Director's  suggestion  of  some  time 
ago,  a  committee  of  the  faculty  has  started  to  reorganize  the 
mailing  lists  so  that  the  public  may  more  easily  get  at  our  litera- 
ture, as  shown  by  the  following  classifications  both  for  the 
popular  and  official  mailing  lists : 

OfUcial 

Agricultural  Chemistry  Animal  Husbandry 

Agricultural  Extension   (Rural  Dairy  Industry 

School     Leaflets;     Reading-  Entomology 

Courses)  Farm  Crops 
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Farm  Management 

Forestry 

Farm  ^lechanics 

Home  Economics 

Horticulture 

Pomology 


Apples 

Beans 

Commercial  floriculture 

Commercial  trucking 

Farm  home 


Plant  Breeding 
Plant  Physiology 
Plant  Pathology 
Poultry  Husbandry 
Rural  Economy 
Soil  Technology 


Popular 


General  farming  (general  farm 
crops,   live  stock,  milk  pro- 
duction) 

Grapes 

Poultry 

Small  tree  and  bush  fruits 


The  Farmers'  Reading-Course  should  give  more  attention  to 
individual  discussioij  papers.  Our  present  list  is  larger  than  can  re- 
ceive proper  attention.  We  give  below  a  report  of  the  Reading- 
Course  work  for  the  last  two  weeks  of  the  fiscal  year,  showing  the 
number  of  new  readers  and  of  discussion  papers  returned,  and  the 
correspondence  during  the  two  weeks,  also  the  total  figures  for 
the  year. 

Nczv  Readers. 


Sept.  15  to 

Series  30,  lOll 

I    Soil 2 

II  Slockfccding O 

I I I  Orchardinj^ 3 

IV  Poultry o 

V  Dairyinj^ i 

VI   Farm  huildinjj^s o 

VII  Helps  for  reading i 

VIII  Miscellaneous o 

IX  Breeding o 

X  Horse  production o 


Previously 

reported. 

since  Oct.  1, 

.1810 

Total  since 
Oct.  1. 1910 

204 

206 

107 

107 

2CK) 

203 

10 

10 

H5 

116 

91 

91 

62 

^>3 

40 

40 

324 

3-'4 

24 

?4 

1 177 


1 184 
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Discussion  Papers  Returned 

Sept.  15  to 

Series  ;iO,  1911 

I    Soil 2 

II  Stockfeeding 4 

III  Orcharding 5 

IV  Poultry o 

V  Dairying 3 

VI  Farm  buildings 4 

VII  Helps  for  reading i 

VIII  Miscellaneous 4 

IX  Breeding i 

X  Horse  production o 


24 


Previously 

reported 

since  Oct.  1, 

1910 

400 

611 

20 

37« 
224 

156 
124 

515 
64 

2868 


Total  since 
Oct.  1,  1911 

404 
616 
20 
381 
228 

157 
128 

64 

2892 


Sept.  15  to 
30,  1911 


Previously 
reported 
since  Oct.  1,     Total  since 
1910  Oct.  1,  1910 


Old  readers  renewed o 

New  readers 7 


10 
1 177 


ID 

1 184 


7  1187  1194 

Number  of  letters  wTitten  during  two  weeks 284 

Number  of  letters  previously  rciK)rtcd 12,960 

13.244 

Number  of  letters  received  during  two  weeks 286 

Number  of  letters  previously  reported 8361 


8647 


The  Farmers'  Reading-Course  remained  actively  alive  last  year 
despite  the  fact  that  no  new  lessons  were  published  because  of 
reorganization  of  the  Reading-Courses  and  lack  of  funds.  The 
bi-weekly  reports  of  the  Reading-Course  for  the  year  show  2,892 
active  members  and  1,184  ^^w  readers.  A  new  plan  of  Reading- 
Course  publications  has  been  started  for  another  year. 
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To  meet  the  pressing  demands  in  the  mailing  room  for  distri- 
bution of  the  present  and  forthcoming  publications,  more  assist- 
ance, machinery,  and  other  equipment  will  call  for  further  ex- 
penditure, as  indicated  in  our  recommendations.  Under  this 
head  also  falls  a  large  amount  of  correspondence  which  divides 
itself  into  three  classes:  First,  the  advertising  and  circular 
matter,  a  large  part  of  which  goes  from  the  mailing  room,  calling 
attention  to  cooperative  experiments,  reading-courses,  and 
Farmers'  Week.  The  mailing  lists  in  the  mailing  room  are  as 
follows : 

Experiment  Station 23,679 

Out  of  State 2,851 

Official,  Washington 2,500 

Farmers'  Reading-Course 8,000 

Farmers'  Wives'  Reading-Course I7i749 

Home  Nature-Study 2,475 

Rural  School  Leaflets  (teachers) 30,000 

Rural  School  Leaflets  (boys  and  girls) 70,000 


I57»254 


Second,  the  direct  office  correspondence,  the  Reading-Course 
presenting  questions  and  answers,  official  correspondence  rela- 
tive to  fairs,  institutes,  and  the  like.  Third,  the  referring  of  a 
large  number  of  subject-matter  questions  to  the  departments 
concerned.  This  correspondence  has  grown  beyond  the  limit  of 
our  present  stenographic  force.  During  the  year  we  received 
8,647  letters  and  wrote  13,244,  exclusive  of  circulars. 

3.  The  actual  demonstration  of  ideas  in  barn  or  field,  or  wher- 
ever the  farmer's  problems  are,  must  be  met  at  first  hand.  So 
few  demonstrations  were  held  during  the  year  that  no  report  is 
made  here.  Our  recommendations  cover  this  subject,  not  only 
from  the  standpoint  of  the  Extension  Office,  but  also  through  the 
Experimenters'  League,  of  which  the  writer  is  secretary. 

As  a  civil  service  conductor  of  farmers'  institutes  in  the  State 
Department  of  Agriculture,  and  under  direction  of  the  Director 
of  the  College,  the  writer  arranged  or  helped  to  arrange  for  26 
institutes  during  the  months  of  January,  February,  and  March, 
with  an  attendance  of  8,065. 
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For  the  first  time  in  years,  and  continuing  the  idea  as  set  forth 
by  Professor  Bailey  some  years  ago  in  the  itinerant  fruit  schools 
of  western  New  York,  three  extension  schools  were  held  at 
Riverhead,  West  Chazy,  and  Saranac,  with  seven  instructors  at 
Riverhead,  two  at  West  Chazy,  and  two  at  Saranac,  and  with  a 
total  attendance  of  157.  This  work  was  enthusiastically  received 
and  appears  in  our  recommendations. 

RECOM  MENDATIONS 

Our  bulletins  and  mailing  lists  are  being  revised  and  reor- 
ganized in  order  that  an  adequate  classification  of  mailing  lists 
may  be  secured.  We  believe  that  this  classification  will  enable 
the  College  to  control  systematically  the  location  of  extension 
enterprises  as  is  further  suggested  below. 

For  nearly  three  years  the  office  has  maintained  a  geographi- 
cal index  showing  the  location  of  different  extension  enterprises, 
such  as  lectures,  demonstrations,  extension  schools,  and  station 
literature.  This  index  will  be  the  means  of  directing  extension 
enterprises  in  a  definite  way  so  as  uniformly  to  cover  certain 
specified  districts  in  accordance  with  the  respective  needs  of  such 
districts. 

The  reading-course  idea,  in  accordance  with  the  Director's  sug- 
gestion of  some  time  ago,  should  be  closely  incorporated  with 
the  use  of  certain  types  of  our  experiment  station  bulletins.  This 
will  strongly  promote  correspondence  which  will  heavily  tax  the 
facilities  of  the  several  departments,  yet  the  writer  feels  that 
this  will  be  an  effective  way  of  reaching  the  people  with  our 
present  publications:  a  course  of  action  which  obviously  com- 
mends itself,  on  the  face  of  it,  since  the  people  mi4st  be  reached 
and  since  we  have  little  funds  to  reach  them  in  any  other  way. 

The  writer  would  again  recommend  a  special  conference  during 
the  winter  or  spring  on  "  Good  Roads.'*  The  educational  feature 
of  this  work  should  be  centered  in  the  College,  and  people 
should  be  shown  at  once  where  to  look  for  information.  This 
might  be  made  a  part  of  Farmers'  Week. 

The  waiter  would  also  recommend  in  connection  with  Farmers* 
Week  a  special  conference  on  the  farm  wo6dlot  problem. 

Again  the  writer  would  recommend  older  men  for  certain 
phases  of  the  field  work,  since  their  contact  would  be  not  so 
much  with  the  students  as  with  practical  farmers  outside.     It 
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is  very  necessary  that  the  persons  meeting  the  farmers  should 
have  maturity  of  judgment. 

The  oral  presentation  through  lectures,  fairs,  and  the  Hke, 
calls  for  an  increase  in  funds  that  is  imperative  if  the  College  is 
to  do  its  best  work  for  the  State, 

The  written  work  as  expressed  by  the  discussion  papers  in  th« 
Reading-Course  calls  for  a  careful  and  scholarly  scrutiny  of  in- 
dividual work,  which  could  be  secured  through  the  work  of  grad- 
uate student  assistants. 

The  demonstration  work  calls  for  the  appointment  of  men  of 
experience  and  maturity  of  judgment,  with  proper  funds  for  field 
work. 

Owing  to  the  great  help  given  to  the  people  by  the  extension 
schools,  the  demands  for  such  schools  are  so  insistent  that  we 
shall  have  greatly  to  enlarge  our  instructing  staff  and  the  neces- 
sary facilities  for  handling  this  type  of  teaching. 

Public  speaking,  in  all  that  it  means  for  agriculture,  should 
have  its  place  not  only  with  the  regular  students  but  with  the 
winter-course  students  as  well ;  and  assistants  in  the  work  should 
have  the  time  to  give  particularly  to  it.  In  this  way  there  would 
be  a  potent  work  for  development  of  that  rural  leadership  which 
will  recognize  and  promote  proper  educational  endeavor. 

CHARLES  H.  TUCK, 

Professor  of  Extension  Teaching, 
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The  work  of  this  department  is  designed  with  the  following 
objects  in  view: 

1.  To  furnish  teachers  with  accurate,  progressive  subject-matter 
for  instruction  in  agriculture. 

2.  To  help  direct  the  outlook  of  rural  boys  and  girls  in  twQ 
ways:  first,  toward  agricultural  economy,  which  leads  to  pros- 
perity; and  second,  toward  sympathy  with  their  country-life  sur- 
roundings, which  leads  to  happiness  and  contentment. 

3.  To  correspond  with  persons  in  the  State  who  are  directing 
education,  in  order  that  the  schools  may  be  more  easily  reached 
and  that  we  may  know  the  present  attitude  toward  our  work. 

4.  To  aid  all  supervisors  of  rural  schools  m  their  efforts  to  pro- 
mote agricultural  education. 

5.  To  furnish  the  teachers  in  normal  schools  and  training  classes 
with  up-to-date  subject-matter  in  agriculture.  Many  of  the  rural 
teachers  of  the  future  will  be  graduates  of  such  schools. 

6.  To  keep  in  touch  with  city  superintendents. 

7.  To  aid  teachers  who  desire  to  give  instruction  along  some 
special  lines  of  agriculture  not  outlined  in  the  state  syllabus. 

8.  To  interest  all  rural  school  children  in  Corn  Day,  now  an 
established  annual  event  in  many  schools.  The  purpose  of  this 
movement  is  to  improve  the  corn  crop  of  the  State.  Other  crops 
will  be  considered  later. 

9.  To  conduct  among  the  children  contests  in  garden  making, 
farm  crops,  poultry  raising,  bread  making,  and  the  like. 

10.  To  encourage  the  children  to  write  us  letters  relating  to 
rural  problems.  This  will  interest  them  in  a  higher  institution  of 
learning  and  will  teach  them  to  consult  persons  trained  along 
special  lines  in  agriculture. 

Ti.  To  furnish  speakers  on  educational  topics  at  meetings  of 
educators  and  grangers. 

12.  To  know,  either  personally  or  through  correspondence,  at 
least  three  wide-awake  grangers  in  each  county  through  whom  any 
appeal  for  rural  education  may  be  made.     These  persons  should 

[cxxx] 
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receive  all  of  our  publications,  reports  of  work,  and  the  like,  and 
should  be  called  into  council  occasionally. 

13.  To  reach  in  as  personail  a  way  as  possible  rural  boys  between 
the  ages  of  sixteen  and  twenty-two.  Preliminary  steps  have  been 
taken  to  form  a  Boys'  Agricultural  Outlook  Club  for  the  purpose 
of  directing  the  energies  of  the  boys  toward  a  more  progressive 
life. 

14.  To  reach  rural  g^rls  between  the  ages  of  sixteen  and 
twenty-two. 

15.  To  keep  in  touch  with  agricultural  education  in  other  States. 

16.  To  keep  in  touch  with  the  literature  of  agricultural 
education. 

17.  To  collect  and  exhibit  in  the  rural  schoolhouse  on  the 
campus,  standard  school  equipment  for  agricultural  instruction. 

18.  To  cooperate  in  the  movement  for  developing  country-life 
recreation. 

19.  To  do  some  investigational  work  each  year  among  rural 
schools,  in  order  that  we  may  have  knowledge  of  true  conditions. 

20.  To  further  in  every  possible  way  the  movement  for  the 
improvement  of  school  buildings  and  school  grounds. 

21.  To  be  ready  to  promote  any  movement  seeking  to  redirect 
country  life  through  the  children  of  the  State.  We  are  in  touch 
with  school  children  to  such  an  extent  that  in  one  mail  we  could 
send  a  message  to  300,000  children  in  New  York  State.  This 
opportunity  should  be  used. 

A  work  that  should  not  be  longer  delayed  is  the  organization  of 
Boys'  and  Girls'  Clubs.  We  have  made  a  beginninor  on  this  by 
obtaining  the  names  of  young  persons  between  the  ages  of  sixteen 
and  twenty-two.  This  work  will  be  the  connecting  interest  between 
the  Reading-Courses  and  the  work  for  the  younger  children.  It 
should  be  done  through  the  Rural  School  Education  Department, 
since  many  of  the  older  boys  and  girls  are  still  in  school  and  many 
of  the  teachers  are  willing  to  help. 

We  should  have  sufficient  funds  to  enable  us  to  offer  a  few  prizes 
for  contests  among  the  school  children,  in  order  to  create  interest 
in  gardens,  farm  crops,  poultr\'  raising,  bread  making,  and  the  like. 
We  experimented  with  this  one  year  with  much  success. 

The  Work  of  the  Past  Year 
The  work  of  extension  in  rural  school  education  is  conducted 
mainly  by  means  of  the  Cornell  Rural  School  Leaflet.     In  1910- 
iQii  this  publication  was  issued  as  follows: 
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A  September  number  (included  in  the  bound  volume  of  last 
year's  report)  covering  subject-matter  for  an  entire  year's  work 
in  Nature-Study  and  in  Agriculture  in  elementary  schools.  The 
work  throughout  New  York  State  in  these  subjects  is  uniform, 
following  a  syllabus  issued  by  the  New  York  State  Education 
Department.  Each  subject  for  the  year  as  outlined  by  the  syllabus 
was.  prepared  in  lesson  form  by  experts  along  the  different  lines  in 
the  State  College  of  Agriculture,  and  was  published  in  the  Cornell 
Rural  School  Leaflet. 

.  The  September,  1910,  issue  of  the  Leaflet  was  sent  to  all  teachers 
making  request  for  it,  whether  in  the  city  or  in  the  country.  There 
were  20,000  copies  mailed  to  teachers. 

The  subjects  for  study  in  Nature-Study  and  in  Agriculture 
in  the  schools  of  New  York  State  for  1910-1911  were  as 
follows:  (i)  The  chickadee  for  special  study,  and  recognition  of 
any  five  of  the  following:  bluebird,  Maryland  yellow-throat,  chip- 
ping sparrow,  hawk,  crow,  and  flicker.  (2)  The  horse  for  special 
study,  and  recognition  of  any  four  of  the  following:  donkey,  deer, 
turtle,  field  mouse,  squirrel,  and  woodchuck.  (3)  Corn  for  special 
study,  and  recognition  of  any  four  of  the  following:  violet,  pansy, 
aster,  milkweed,  skunk  cabbage,  claytonia,  poppy,  pear,  lady's  slip- 
per, sweet  clover,  cabbage,  carrot,  one  clover,  one  of  the  grains, 
and  one  of  the  grasses;  also,  for  special  study,  burdock,  white 
daisy,  shepherd's  purse,  and  wild  carrot.  (4)  Monarch  butterfly 
for  special  study,  and  recognition  of  the  following:  grasshopper, 
wasp,  cricket,  potato  beetle,  house  fly,  luna  moth,  dragon  fly. 
(5)  The  study  of  two  injurious  insects,  one  gnawing  insect  and 
one  sucking  insect,  with  special  reference  to  destroying  them. 

The  subjects  given  in  the  September  (1910)  Leaflet  were  as  fol- 
lows: The  Farmer's  Challenge  (a  poem)  ;  Pedagogical  Notes;  The 
Chicadee ;  Recognition  of  Birds ;  The  Crow ;  The  Monarch  Butterfly ; 
The  Mouth-Parts  of  Insects ;  Insects  to  be  Recognized ;  Corn ;  The 
Corn  Plant;  Some  Facts  about  Corn;  Why  We  Raise  Corn;  How 
to  Grow  Corn;  When  to  Cut  Corn  for  the  Silo  and  the  Variety  to 
Grow ;  Selection  of  Corn ;  Testing  the  Germination  of  Seed  Corn ; 
Silos  and  Ensilage;  Planting  Grain;  Plants  to  be  Recognized; 
Horses ;  A  First  Lesson  on  the  Horse ;  Types  of  Horses ;  Estimat- 
ing Age  in  Horses;  Harness  and  Harnessing;  Horse  Training; 
Score  Card  for  the  Horse;  Animals  to  be  Recognized;  Weeds; 
Some  Common  Weeds  and  How  to  Destroy  Them;  Quotations; 
The  Farthermost  Hills  (a  poem). 
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In  the  work  with  the  public  schools  special  attention  was  given 
to  gardening.  Teachers  were  encouraged  to  have  school  gardens 
and  home  gardens,  and  in  rural  districts  to  have  experimental  plats 
for  demonstrating  fundamental  principles  of  agriculture  in  relation 
to  improvement  of  farm  crops. 

In  addition  to  the  September  Leaflet  an  October  number  for 
teachers  was  published.  For  children  three  leaflets  were  published : 
November-December,  January-February,  April-May. 

Special  Helps 

In  the  October  Rural  School  Leaflet  an  oflFer  was  made  to  "  estab- 
lish three  schools  in  each  county  for  special  experimental  work,  these 
schools  to  be  rural  schools."  For  this  purpose  the  one-room  school- 
house  was  chosen,  the  special  work  including  a  more  personal  corre- 
spondence and  any  extra  publications  that  we  might  be  able  to  issue. 
The  first  three  teachers  from  each  county  who  made  application  to 
be  placed  on  this  special  list  were  accepted.  Many  of  these  teachers 
made  a  report  of  all  work  that  was  done  to  increase  the  interest  in 
agriculture.  To  each  of  these  teachers  a  blank  book  was  sent  for 
the  report. 

In  these  schools  to  which  we  sent  special  help  we  encouraged  the 
celebration  of  Corn  Day.  We  also  gave  special  instruction  for 
making  the  Babcock  milk  test  and  asked  the  teachers  to  have  the 
children  give  a  demonstration  of  the  same  at  Farmers'  Institutes 
and  school  meetings. 

Teachers  in  the  following  counties  responded  to  the  special  helps : 
Allegany,  Broome,  Cattaraugus,  Cayuga,  Chautauqua,  Chemung, 
Delaware,  Erie,  Essex,  Genesee,  Herkimer,  Jefferson,  Lewis,  Liv- 
ingston, Madison,  Monroe,  Montgomery,  Niagara,  Oneida,  Orleans, 
Oswego,  Seneca,  Steuben,  Tompkins,  Washington,  St.  Lawrence. 

School  Commissioners 

In  August  a  circular  letter  was  sent  to  all  the  school  commis- 
sioners in  New  York  State,  114  in  number,  requesting  a  list  of  the 
teachers  in  their  district  for  the  coming  year.  Up  to  March  i,  62 
commissioners  responded  with  lists  of  teachers  in  their  districts. 

The  September  Leaflet,  with  a  supplement  for  registering  pupils, 
was  sent  to  the  teachers  in  these  62  districts. 

Every  rural  teacher  in  the  following  21  counties  has  been  reached 
by  means  of  the  commissioners'  lists : 
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Brcwme 

Hamilton 

Suffolk 

Cayuga 

Livingston 

Tompkins 

Chemung 

Nassau 

Ulster 

Columbia 

Putnam 

Warren 

Cortland 

St.  Lawrence 

Washington 

Dutchess 

Saratoga 

Wyoming 

Erie 

Seneca 

Yates 

In  the  following  19  counties  there  has  been  response  from  at  least 
one  commissioner:* 


Albany  Clinton  Lewis 

Allegany  Essex  Madison 

Cattaraugus  Greene  Niagara 

Chenango  Jefferson  Oneida 


Onondaga  Steuben 

Ontario  Wayne 

Oswego  Westchester 
Otsego 


This  does  not  indicate  that  the  teachers  in  the  last  two  lists  of 
counties  are  not  being  reached,  to  some  degree  at  least,  since  we 
have  hundreds  of  requests  each  week  from  teachers  who  have  not 
been  reached  by  means  of  the  commissioners'  lists. 

Superintendents  of  Schools  in  Cities  and  Large  Villages 

A  circular  letter  was  sent  to  the  superintendents  of  city  schools  and 
to  superintendents  of  schools  in  villages  having  a  population  of  more 
than  2,000  inhabitants,  stating  that  we  would  send  on  request,  to 
teachers  under  their  supervision,  helps  in  Nature-Study  and  in 
Agriculture.  This  circular  letter  was  sent  to  48  city  superintendents, 
19  of  whom  requested  Leaflets.  The  letter  was  sent  also  to  39  village 
superintendents,  16  of  whom  requested  Leaflets.  Superintendents 
in  the  following  cities  and  villages  received  the  Leaflets : 


Cities 

Auburn 

Binghamton 

Buffalo 

Cohoes 

Dunkirk 

Elmira 

Fulton 

Horncll 

Ithaca 

Jamestown 


Villages 

Albion 

Batavia 

Fredonia 

Herkimer 

Ilion 

Lawrence 

Malone 

Mechanicville 

Medina 

Norwich 
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Cities  VilUgei 

Johnstown  Oswego 

Little  Falls  Patchogue 

New  Rochelle  Salamanca 

Niagara  Falls  Solvay 

Oneonta  Whitehall 

Rochester  White  Plains 
Schenectady 
Troy 
Yonkers 

The  Leaflet  for  September,  191 1 

In  September,  191 1,  a  Leaflet  was  issued,  giving  subject-matter 
for  the  entire  year's  work  as  outlined  by  the  New  York  State  Educa- 
tion Department.  All  the  lessons  in  Agriculture  were  carefully 
worked  out  in  the  departments  in  the  State  College  in  which  these 
subjects  are  taught.  The  lessons  in  the  Leaflet  are  as  follows: 
(i)  For  special  study,  the  hen,  the  downy  woodpecker;  to  be  recofi:- 
nized,  any  two  winter  birds  and  any  five  of  the  following:  robin, 
bobolink,  redstart,  red-eyed  vireo,  blackbird,  yellow  warbler,  hum- 
ming bird,  march  wren,  turkey,  and  owl.  (2)  For  special 
study,  the  cow,  the  toad;  to  be  recognized,  frog,  hog,  bat, 
rat,  rabbit.  (3)  For  special  study,  the  bean;  to  be  rec- 
ognized, one  of  the  clovers,  one  of  the  grains,  one  of 
the  grasses,  and  any  six  of  the  following:  elder,  tulip,  dandelion, 
buttercup,  lily,  chickweed,  verbena,  beet,  tomato,  squirrel  corn; 
any  four  of  the  following  weeds:  quack  grass,  orange  hawkweed, 
dandelion,  chickweed,  yellow  daisy.  (4)  For  special  study,  the 
ant  or  the  honeybee;  to  be  recognized,  any  four  of  the  following: 
cricket,  dragon  fly,  cutworm,  hornet,  cecropia.  (5)  For  special 
study,  the  apple  tree  and  a  detailed  study  of  one  conifer;  to  be 
recognized,  two  kinds  of  fruit  trees,  one  conifer,  and  any  four  of 
the  following:  hemlock,  pine,  peach,  pear,  hickory,  cucumber  tree, 
maple,  locust,  ash,  basswood. 

There  is  now  a  far  greater  demand  for  the  Leaflet  than  ever 
before.  The  teachers  and  supervisors  in  charge  of  rural  school 
education  show  active  interest  in  agricultural  education,  and  they 
need  and  appreciate  help.  The  report  of  Mr.  Edward  M.  Tuttle, 
in  charge  of  the  distribution  of  the  Leaflets,  shows  the  following 
statement : 
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Copies  of  September  Rural  School  Leaflet  sent  out  to  date: 

To  cities  .  .  . . 8,446 

To  villages 638 

To  training  schools 102 

To  training  classes 1,071 

To  individual  teachers,  approx 6,800 

Total,  approx 17,057 


Transportation  was  paid  by  city  superintendents  on  8,626  of  the 
above  number. 

Range  of  distribution: 

Commissioners:  53  out  of  114  have  been  reached,  representing 
37  out  of  57  counties. 

Cities  and  villages:  33  out  of  48  cities  have  received  Leaflets; 
20  out  of  41  villages  have  received  Leaflets. 

Training  schools:  13  out  of  15  training  schools  have  received 
Leaflets. 

Training  classes :  63  out  of  94  have  received  Leaflets,  represent- 
ing 37  out  of  44  counties. 

DISTRIBUTION   OF  LEAFLETS 

Following  is  a  list  of  rural  communities  in  which  lessons  in  Agri- 
culture, based  on  the  Elementary  Syllabus  issued  by  the  State  Educa- 
tion Department,  are  given  as  part  of  the  regular  school  work. 
These  places  represent  communities  of  3,000  inhabitants  or  less.  All 
cities  named  represent  the  R.  F.  D.  office.  Leaflets  for  teachers  and 
children  were  sent  into  these  communities  and  interest  maintained 
by  means  of  correspondence  and  special  helps  sent  out  for  many  of 
the  schools.     The  list  is  complete  to  March  i,  191 1 : 
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UST  OF  communities  OF  3,000  INHABITANTS  OR   LESS 


Town 
Accord 
Acra 
Adams 

Adams   Center 
Addison 
Afton 

Aiden  Lair 
Akin 
Akron 
Albany 
Albion 
Alden 

Alder   Creek 
Aldrich 
Alexander 
Alexandria  Bay 
Alfred 

Alfred  Sution 
Allegany 
Allentown 
AUigerville 
Almond 
Alpine 
Alcmar 
Altamont 
Alton 

Amagansett 
Ames 

Amsterdam 
Andes 

Ancram  Lead  Mines 
Andover 
Angelica 
Angola 
Antwerp 
Arcade 
Ardsley   . 
Arena 
Argyle 
Arkport 
Arlington 
Armonk 
Ashland 
Ashrille 
Athens 
Athol 
Attica 
Atwater 
Auburn 
Aurora 

Ausable  Forks 
Austerlitz 
Ava 
Avoca 
Avon 
Averill  Park 

Babylon 

Bainbridge 

Baldwinsville 

Ballston  Lake 

Ballston   Spa 

Bangall 

Barbourville 

Barker 

Barkersville 

Barnard 

Barnes  Corners 

Barnereld 

Bamenrille 

Barrytown 

Barryville 

Basom 

Batavia 

Batchellenrille  - 

Battenville 

Bath 

Bay   Shore 


County 

Ulster 

Greene 

Jefferson 

Jefferson 

Steuben 

Chenango 

Essex 

Montgomery 

Erie 

Albany 

Orleans 

Erie 

Oneida 

St.   Lawrence 

Genesee 

Jefferson 

Allegany 

Allegany 

Cattaraugus 

Allegany 

Ulster 

Allegany 

Schuyler 

Oswego 

Albany 

Wayne 

Suffolk 

Montgomery 

Montgomery 

Delaware 

Columbia 

Allegany 

Allegany 

Erie 

Jefferson 

Wyoming 

Westchester 

Delaware 

Washington 

Steuben 

Dutchess 

Westchester 

Greene 

Chautauqua 

Greene 

Warren 

Wyoming 

Cayuga 

Cayuga 

Cayuga 

Essex 

Columbia 

Oaeida 

Steuben 

Livingston 

Rensselaer 

Suffolk 
Chenango 

Onondaga 
Saratoga 
Saratoga 
Dutchess 
Delaware 
Niagara 
Saratoga 
Monroe 
.  Lewis 
Oneida 
Schoharie 
Dutchess 
Sullivan 
Genesee 
Gentfce 
Saratoga 
Washington 
Steuben 
Suffolk 


Town 

Bearsville 

Beaver   Dams 

Beaver  Falls 

Beaver  Meadow 

Bedford 

Bedford  Station 

Bedford  HiUs 

Beerston 

Belcher 

Belfast 

Belgium 

BelleviUe 

Bellmore 

Bellport 

Belvidere 

Bemus  Point 

Benson  Mines 

Bergen 

Berkshire 

Berlin 

Berne 

Bernhards  Bay 

Berry  brook 

Brewster 

Bigelow 

Big    Flats 

Big  Indian 

Binghamton 

Black  Creek 

Black   River 

Klasdell 

Blauvelt 

Bleecker 

Bliss 

Hlodgett  Mills 

Bloomingdale 

Bloomvifle 

Hlossvale 

Blue  Mountain  Lake 

Blue  Point 

Blue  Stores 

Boiceville 

Bolivar 

Bolton  Landing 

Bombay 

Boonviile 

Brainard 

Branchport 

Brandon 

Brasher  Falls 

Brasie  Comers 

Breesport 

Brentwood 

Brewerton 

Breakabeen 

Briarcliff  Manor 

Bridgehampton 

Bridgeport 

Bristol  Center 

Brier  Hill 

Brockport 

Bridgewater 

Broadalbin 

Brocton 

Brodhead 

Brookfield 

Brooklyn 

Brookton 

Brookville 

Brown  Station 

Brownville 

Bridgewater 

Brush  ton 

Buskirk  Bridge 

Buffalo 

Bulls  Head 

Burdctt 

Burke 


County 

Ulster 

Schuyler 

Lewis 

Chenango 

Westchester 

Westchester 

Westchester 

Delaware 

Washington 

Allegany 

Onondaga 

Jefferson 

Nassau 

Suffolk 

Allegany 

Chautauqua 

St.   Lawrence 

Genesee 

Tioga 

Rensselaer 

Albany 

Oswego 

Delaware 

Putnam 

St.  Lawrence 

Chemung 

Ulster 

Broome 

Allegany 

Jefferson 

Erie 

Rockland 

Fulton 

Wyoming 

Cortland 

Essex 

Delaware 

Oneida 

Hamilton 

Suffolk 

Columbia 

Ulster 

Allegany 

Warren 

Franklin 

( )neida 

Rensselaer 

Yates 

Franklin 

St.   Lawrence 

St.   Lawrence 

Chemung 

Suffolk 

Onondaga 

Schoharie 

Westchester 

Suffolk 

Madison 

OnUrio 

St.  Lawrence 

Monroe 

Oneida 

Fulton 

Chautauqua 

Ulster 

Madison 

Kings 

Tompkins 

Nassau 

Ulster 

Jefferson 

Oneida 

Franklin 

Washington 

Erie 

Dutchess 

Schuyler 

Franklin 
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Town 

County 

Town 

I'.url:ngton    KlatS 

Otsego 

Cleveland 

Kyron 

Genesee 

Clifion   Park 
Clinton 

Cadosia 

Delaware 

Clinton  Corners 

Ladyville 

Clinton 

Clintondale 

Caledonia 

Livingston 

Clintonville 

Cambridge 

Washington 

^*y.**«  o  . 

Cairden 

Oneida 

Clifton  Springs 

Cameron 

Steuben 

CobleskiU 

Cameron  Mills 

Steuben 

Cohocton 

Camillus 

Onondaga 

Cohoes 

Campbell 

Steuben 

Cold  Brook 

Canaan 

Columbia 

Cold  Spring 

(  anandaigua 

Ontario 

Cold  Spring  Harbor 

Caneadea 

Allegany 

Coldea 

Canajoharie 

Montgomery 

Collins  Center 

Canaseraga 
Canastota 

Allegany 
Madison 

Colton 
ColumbiavlUc 

Candor 

Tioga 

Comstock 

Canisteo 

Steuben 

Conesus 

Canton 

St.  Lawrence 

Conewango 

Carve   Vincent 

Jefferson 
Schoharie 

Conewango-Vallcy 

Carlisle 

Conklin 

Carman 

Schenectady 

ConklinviUc 

Carrollton 

Cattaraugus 

Commack 

Carthage 

Jefferson 

Connelly 

Cascade 

Essex 

Constable 

Cassadaga 

Chautauqua 

ConstableviUe 

Cassville 

Oneida 

Constantia 

Castile 

Wyoming 

Cooks  FaUs 

Castle  Creek 

Broome 

Cooperstown 

Castleton 

Rensselaer 

Copenhagen 

Castorland 

Lewis 

Corbettsville 

Catatonic 

1  ioga 

Corfu 

Cato 

Cayuga 

Corinth 

Catskill 

Greene 

Corning 

Cattaraugus 

Cattaraugus 

Cornwall 

Caughdenoy 

Oswego 

Cornwallvillc 

Cayuta 

Schuyler 

Cortland 

Cazenovia 

Madison 

Cottckill 

Cedarhtsrst 

Nassau 

Coveville 

Center  Berlin 

Rensselaer 

Covert 

Central    Bridge 

Schoharie 

Cowlesville 

Central  Islip 

Suffolk 

Coxsackie 

Central   Square 
Center   Leoanoa 

Oswego 

Cranberry  Creek 

Columbia 

Cranberry  Lake 

Center   Village 

Broome 

Cragsmoor 

Ceriterrille 

•Allegany 
Oneida 

Craryville 

Chad  wicks 

Crescent 

Chafee 

Erie 

Crittenden 

Chappaqua 
Charlottevillc 

Westchester 

Croghan 

Schohari'e 

Croton  Falls 

Chasp    Mills 

St.   Lawrence 

Croton  on  Hudson 

Chateaugay 

Franklin 

Crown  Point 

Franklin 

Crown  Point  Center 

Chatham 

Columbia 

Cropseyville 

Chatham    Center 

Columbia 

Cuba 

Chaumont 

Jefferson 

Cuylcr 

Chafv 

Clinton 

Chelsea 

Dutchess 

Dalton 

Chenango    Forks 

Broome 

Dansville 

Cherry   Creek 

Chautauqua 

Daricn 

Cherry  Valley 

Oisego 

Daricn  Center 

Chester 

Orange 

Davenport 

Chestertown 

Warren 

Dayton 

Chichester 

Ulster 

Deerhead 

CJiiloway 

Delaware 

•     Deerficld 

Chittenango 

Mad' son 

Deferiet 

Chittrnanpo   Station 

Madison 

DeKalb  Junction 

Churchville 

Monroe 

Delanson 

Cincinnatus 

Cortland 

Delevan 

Circlcville 

Orange 

Delhi 

Clarence 

Erie 

Denmark 

Clarence  Center 

Erie 

Depauville 

Clark   Mills 

Oneida 

Deposit 
DcKuyter 

Claverack 

Columbia 

Clay 

Onondaga 

Dewittville 

Clayton 

Jefferson 

Dexter 

Clayville 

"Oneida 

Dickinson  Center 

Clemons 

Washington 

Dolgeville 

County 
Oswego 
Saratoga 
Uneida 
Dutchess 
Ulster 
Clinton 
Wayne 
Ontario 
Schoharie 
Steuben 
Albany 
Herkimer 
Putnam 
Suffolk 
Erie 
Erie 

St.   Lawrence 
Columbia 
Washington 
Livingston 
Cattaraugua 
Cattaraugus 
liroome 
Saratoga 
Si.itolk 
Ulster 
Franklin 
Lewis 
Oswego 
Delaware 
Otscp^o 
Lewis 
Broome 
Genesee 
Saratoga 
Steuben 
Orange 
Greene 
Cortland 
Ulster 
Saratoga 
Seneca 
Wyoming 
Greene 
Fulton 

St.   Lawrence 
Ulster 
Columbia 
Saratoga 
Erie 
Lewis 

Westchester 
Westchester 
Essex 
Essex 
Rensselaer 
Allegany 
Cortland 

Livingston 

Livingston 

Genesee 

Genesee 

Delaware 

Cattaraugus 

Essex 

Oneida 

Jefferson 

St.  Lawrence 

Schenectady 

Cattaraugus 

Delaware 

Lewis 

Tefferson 

Broome 

Madison 

Chautauqua 

Tefferson 

"Franklin 

Herkimer 
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Town 
Dover  Furnace 
Dover    Plains 
DownsTille 
Doyle 

Dresden  Station 
Dryden 
Duane 
Duanesburg 
Dundee 
Dunkirk 
Dunraven 
Durham 
Durhamville 
Dykemans 

Eagle 

Eagle  Bridge 

Earlville 

East  Aurora 

East  Avon 

East  Berne 

East  Bethanv 

East  Bloomneld 

East  Branch 

East  Chatham 

East  Concord 

East  Creek 

East  Freetown 

East  Irvington 

East  Marion 

East  Martinsburg 

East  McDonoQgb 

East  Northport 

East  Otto 

East  Palmyra 

East  Pharsalia 

East  Pembroke 

Eastport 

East  Randolph 

East  Rodman 

East  Syracuse 

East  Williston 

East  Windsor 

East  Worcester 

Eddyville 

Eden 

Edgewood 

Kdmburg 

Edwards 

Edwardsville 

Elba 

Elbridge 

Eldred 

Elizabethtown 

Ellington 

Kllisburg 

Ellenville 

Elmira 

Elnora 

Endicott 

Enscnore 

Ephratah 

Erieville 

Erin 

Esperance 

Essex 

Etna 

Eureka 

Evans   Mills 

Falconer 

Fair  Haven 

Fairport 

Farmersville 

Farmersville  Station 

Far    Rockaway 

Fayettcville 

Felts    Mills 

Ferenbaugh 

Fcrnwood 


County 
Dutchess 
Dutchess 
Delaware 
Erie 

Washington 
Tompkins 
Franklin 
Schenectady 
Yates 

Chautauqua 
Delaware 
Greene 
Oneida 
Putnam 

Wyoming 

Rensselaer 

Madison 

Erie 

Izivingston 

Albany 

Genesee 

Ontario 

Delaware 

Columbia 

Erie 

Herkimer 

Cortland 

Westchester 

Suffolk 

Lewis 

Chenango 

Suffolk 

Cattaraugus 

Wayne 

Chenango 

Genesee 

Suffolk 

Cattaraugus 

Jefferson 

Onondaga 

Nassau 

Broome 

Otsego 

Cattaraugus 

Erie 

Greene 

Saratoga 

St.   Lawrence 

St.   Lawrence 

Genesee 

Onondaga 

Sullivan 

Essex 

Chautauqua 

Jpfferson 

Ulster 

Chemung 

Saratoga 

Broome 


Cayuga 

Fulton 

Madison 

Chemung 

Schoharie 

Essex 

Tompkins 

Sullivan 

Jefferson 

Chautauqua 

Cayuga 

Monroe 

Cattaraugus 

Cattaraugus 

Hueens 
nondaga 
Jefferson 
Steuben 
Oswego 
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Town 

County 

Fillmorb 

Allegany 

Findley  Lake 

Chautauqua 

Fine 

St.   Lawrence 

Fishers 

Ontario 

Fishs  Eddy 

Delaware 

Fishkill 

Dutcheaa 

Fishkillon-the-H  udsonDutcbcat 

Fly'?:reek 

Essex 
Otsego 

Fly   Summit 

Washington 

Fonda 

Montgomery 

Forest 

Clinton 

Forestdale 

Franklin 

Forcstport 

Oneida 

Forestville 

Chauuuqua 

Forks 

Erie 

Fort  Ann 

Washington 

Fort  Covington 

Franklin 

Fort  Edward 

Washington 

Fort  Hunter 

Montgomery 

Fort  Jackson 
Fort  Miller 

St   Lawrence 

Washington 

Fort  Plain 

Montgomery 

Fowlerville 

Livingston 
Herkimer 

Frankfort 

Franklin 

Delaware 

Franklinton 

Schoharie 

FranklinTillc 

Cattaraugus 

Fredottia 

Chautauqua 

Freeport 

Nassau 

Freeville 

Tompkins 

Fremont  Center 

Sullivan 

French  Mountsin 

Warren 

Frewsburgh 

Chautauqua 

Friendship 
Frost  Vaflejr 

Allegany 

Ulster 

Fullerville  Ironworki  St  Lawrence 

Fulton 

Oswego 
Herkimer 

{■ulton  Chain 

Fultonville 

Montgomery 

Gabriels 

Franklin 

Gage 

Yatei 

Gainesville 

Wyoming 
Schoharie 

Galluprille 

Galway 

Saratoga 

Gansevoort 

Saratoga 

Crardenville 

Erie 

Gardiner 

Ulster 

Garoga 

Fulton 

Gasport 

Niagara 

Geneseo 

Livingston 

Geneva 

Ontario 

Genoa 

(.  ayuga 

Madison 

GermantowB 

Columbia 

Gerry 

Chautauqua 

Getiville 

Erie 

Ghent 

Columbia 

Gilbertsville 

Otsego 
Schoharie 

Gilboa 

Gile 

Franklin 

r.len 

-Viontgomery 

Glen  Aubrey 

Broome 

Glen  Cove 

Nassau 

Glenfield 

Lewis 

Glen  Hnven 

Cavuga 

Glenco  Mills 

Columbia 

Cilenmore 

Oneida 

Glen  Park 

Tefferjion 

Glens  Falls 

Warren 

Glen  Wild 

Sulliran 

Glenwood 

Erie 

Glenwood  Landing 

Nassau 

Glover  srille 

Fulton 

Goldsmith 

Franklin 

Gouverneur 

St.   Lawrence 

Gowanda 

Cattaraugus 

Grahamsville 

Sullivan 

Grand  Island 

Erie 
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Town 

Granite 

Grand   Gorge 

Grant 

GnuiYille 

Gray 

Great  Bend 

Great  Bend.  Pa. 

Great  Valley 

Greene 

Greenfield  Center 

Green   Island 

Green  Lawn 

Greenport 

Greenville 

Greenwich 

Greenwood 

Griffin  Comers 

Groton 

GroTcland 

GoUderland 

Guilford 

Gnlf  Summit 

Hadley 
Hagamaa 

Hagedoms  Mills 

Hailesboro 

HalcottSTiUe 

Hale  Eddy 

Halsey  Valley 

Hambletville 

Hamburg 

Hamden 

Hamilton 

Hammond 

Hammondsport 

Hampton 

Hancock 

Hannibal 

Hardenburg 

Harford 

HarperaTille 

Harriman 

Harriettstown 

Harrison 

Harrisrille 

Hartford 

Hartsdale 

Hartwick 

Haselton 

Hastings 

Haver  straw 

HawkinsTille 

Hawthorne 

Uaynes 

Hayt  Corners 

Hector 

Helena 

Hemlock 

Hempstead 

Henderson 

Henrietta 

Hensonville 

Herkimer 

Herring 

Hermon 

Heuvelton 

HicksTille 

HiRh  Falls 

Highland 

Highland   Falls 

Highmount 

Hillburn 

Hillsdale 

Hillvicw 

Hilton 

Himrod 

Hinckley 

Hinsdale 

Hoag  Corners 


County 

Ulster 

Delaware 

Herkimer 

Washington 

Herkimer 

Jefferson 

Cattaraugus 

Chenango 

Saratoga 

Albany 

Suffolk 

Suffolk 

Greene 

Washington 

Steuben 

Delaware 

Tompkins 

Livingston 

Albany 

Chenango 

Broome 

Saratoga 

Montgomery 

Saratoga 

St.    Lawrence 

Delaware 

Delaware 

Tioga 

Delaware 

Erie 

Delaware 

Madison 

St.  Lawrence 

Steuben 

Washington 

Delaware 

Oswego 

Ulster 

Cortland 

Broome 

Orange 

Franklin 

Westchester 

Lewis 

Washington 

Westchester 

Otsego 

Essex 

Oswego 

Rockland 

Oneida 

Westchester 

Chenango 

Seneca 

Schuvler 

St.    Lawrence 

Livingston 

Nassau 

Tefferson 

Monroe 

(Jreene 

Herkimer 

Jefferson 

St.    Lawrence 

St.    Lawrence 

Nassau 

Ulster 

Ulster 

Orange 

Ulster 

Rockland 

Columbia 

W  arren 

Monroe 

Yates 

Oneida 

Cattaraugus 

Rensselaer 


Town 

Conaty 

Hobart 

Delaware 

Hogansburg 
Holcomb 

FrankUa 

Onurio 

Holland 

Erie 

Holland   Patent 

Oneida 

HoUey 

Orleans 

Holmes 

Dutchess 

Homer 

Cortland 

iomestead 

St.  Lawrence 

f  oneoye 

Ontario 

loneoye   Falls 

Monroe 

Hooker 

Lewis 

Hoosick    Falls 

Rensselaer 

Hope 

Hamilton 

Hopkinton 

St.    Lawrence 

Hopewell  Junction 

Dutchess 

Homell 

Steuben 

Horseheads 

Chemung 

Horton 

Delaware 

Houghton 

Allegany 

Howe  Cave 

Schoharie 

Howells 

Orange 

HubbardsriUe 

Madison 

Hudson 

Columbia 

Hudson    Palls 

Washington 

Hughsonville 

Dutchess 

Hume 

Allegany 

Humphrey 

Cattaraugus 

Hunt 

Livingston 

Hunter 

Greene 

Hunters  Land 

Schoharie 

Huntington 

Suffolk 

Hurley 

Ulster 

Hurleyville 

Sullivan 

Hyde  Park 

Dutchess 

HyndsvUle 

Schoharie 

Ilion 

Herkimer 

Index 

OtSCRO 

Indian  Fields 

Albany 

Indian  Lake 

Hamilton 

Inlet 

Hamilton 

Interlakea 

Seneca 

Ionia 

Ontario 

Ira 

I.  ayuga 

Iroqnoia 

Erie 

Irving 

Chautauqua 

Irvington 
Ironville 

Westchester 

Essex 

Ischna 

Cattaraugus 

luska 

Broome 

Ithaca 

Tompkins 

,  fackson    Corners 

Dutcltess 

Jacksonville 

Tompkins 

,  Jamaica 

Queens 

Tamesport 

Suffolk 

.  amestown 

Chautauqua 

,  amesville 

Onondaga 

,  asper 

Steuben 

;  ava 

Wyoming 

/ava   Village 

Wyoming 

.ay 

Essex 

efferson 

Schoharie 

cffersonville 

Sullivan 

,  ewettville 

Erie 

ohnsonburg 

Wyoming 

ohnstown 

Fulton 

,  onesville 

Saratoga 

ordan 

Onondaga 

.  ordanville. 

Herkimer 

Kanona 

Steuben 

Katonah 

Westchester 

Keene 

Essex 

Keene   Valley 

Essex 

Kecseville 

Essex 

Kelly   Corners 

Delaware 

Kendall 

Orleans 
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Town 
Kensico 
Kenwood 
Kennedy 
Kerhonkson 
Killawog 
Kill  Buck 
Kinderbook 
King  Ferry 
Kingsbury 
Kingston 
Kings  Park 
Kirk 
KirkriUe 
Kirkwoo4 
Kortrigbt 
Knoxboro 
Krumrille 

Lackawack 

Lacona 

LaFargerillc 

La  Fayette 

Lagrangeville 

Lake    George 

Lake   Hill 

Lake  Placid 

Lake  Pleasant 

Lake   View 

Lancaster 

Lansingburg 

Lawrence 

Lawton   Station 

LawyersTiUe 

Lebanon 

Lee   Center 

Leon 

Leonardsville 

Le   Roy 

Lestersnire 

Lewbeacb 

Lewis 

Liberty 

Liebhardt 

Lima 

Limerick 

Lincklaen  Center 

Linden 

Lindley 

Lin  wood 

Lisbon 

Lisle 

Little  Britain 

Little  Falls 

Little  Genesee 

Little  Valley 

Liverpool 

Livingston    Manor 

Livonia 

Locke 

Lockport 

Lockwood 

Lodi 

Loon  Lake 

Lorraine 

Loudonville 

Lowman 

Lowville 

Ludingtonville 

Ludlowville 

Luzerne 

Lycoming 

Lynbrook 

Lyndonville 

Lyons 

Lvonsdale 

Lyons    Falls 

Macedon 
Machias 
Macomb 


County 
Westchester 
Madison 
Chautauqua 
Ulster 
Broome 
Cattaraugus 
Columbia 
Cayuga 
Washington 
Ulster 
Suffolk 
Chenango 
Onondaga 
Broome 
Delaware 
Oneida 
Ulster 

Ulster 

Oswego 

Jefferson 

Onondaga 

Dutchess 

Warren 

Ulster 

Essex 

Hamilton 

£rie 

Eric 

Rensselaer 

Nassau 

Erie 

Schoharie 

Madison 

Oneida 

Cattaraugus 

Madison 

Genesee 

Broome 

Sullivan 

Essex 

Sullivan 

Livingston 

Jefferson 

Chenango 

Genesee 

Steuben 

Livingston 

St.  Lawrence 

Broome 

Orange 

Herkimer 

Allegany 

Cattaraugus 

Onondaga 

Sullivan 

Livingston 

Cayuga 

Niagara 

Tioga 

Seneca 

Franklin 

Jefferson 

Albany 

Chemung 

Lewis 

Putnam 

Tompkins 

Warren 

()sweg:o 

Nassau 

Orleans 

Wayne 

Lewis 

Lewis 

Wayne 
Cattaraugus 
St.    Lawrence 


Town 
Madison 
Madrid 

Mahopac  Falls 
Maine 

Malden-on-Hudson 
Mallory 
Malone 
Mamaroneck 
Manhasset 
Manlius 
Mannsville 
Manorville 
Marathon 
Maple  Valley 
Maple  View 
Marbletown  . 
Marcy 

Margaretville 
Manila 
Marion 
Marlboro 
Martinsville 
Marti  nsburg 
Martville 
Massena 
Massapequa 
Masonville 
Mayfield 
Maynard 

McClure  Settlement 
McDonough 
McGraw 

Marti  ndale  Depot 
McConnellsville 
McLean 
Mechanicsville 
Mecklenburg 
Medusa 
Medina 
Mellenville 
Melrose 
Memphis 
Meriaian 
Meredith 
Merrifield 
Merrick 
Mettacahonts 
Mexico 
Middleburg 
Middle  Falls 
Middle  Granville 
Middle  Grove 
Middle  Island 
Middleport 
Middlesex 
•  Middle  Sprite 
Middletown 
Millbrook 
Milford 
Millers  Mills 
Miller  Place 
Millerton 
Milton 
Mill   Port 
Mineola 
Mineville 
Minerva 
Minetto 
Minoa 
Modeltown 
Mohawk 
Moira 

Mombaccus 
Monroe 
Monsev 
Montefa 
Montgomery 
Monttcello 
Montour   Falls 
Mooers 


County 

Madison 

St.    Lawrence 

Putnam 

Broome 

Ulster 

Ubwego 

Franklin 

V\'estchester 

Nassau 

(Jnondaga 

Jefferson 

Suffolk 

Cortland 

Otsego 

Oswego 

Ulster 

(Jneida 

Delaware 

Erie 

Wayne 

Ulster 

Niagara 

Lewis 

Cayuga 

St.   Lawrence 

Nassau 

Delaware 

Fulton 

Oneida 

Broome 

Chenango 

Cortland 

Columbia 

Oneida 

Tompkins 

Saratoga 

Schuyler 

-\lbany 

Orleans 

Columbia 

Rensselaer 

Onondaga 

Cayuga 

Delaware 

Cayuga 

Nassau 

Ulster 

( )swego 

Schoharie 

U  ashington 

Washington 

Saratoga 

Suffolk 

Niagara 

Yates 

Fulton 

Orange 

Dutchess 

Otsego 

Herkimer 

Suffolk 

Dutchess 

Ulster 

Chemung 

Nassau 

Essex 

tsscx 

Oswego 

( )nondaga 

Niagara 

Herkimer 

Franklin 

Ulster 

( )  range 

Rockland 

Ulster 

Orange 

Sullivan 

Schuyler 

Clinton 
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Town 
Moravia 
Morehouseville 
Moreland 
Moryanville 
Monah 
Morley 
Morris 

Morrisonville 
Morristown 
Morrisville 
Moscow 
Mount  Kisco 
Mount  Marion 
Mount  Lebanon 
Mount  Morria 
Mount  Upton 
Mount  Vernon 
Mount  Vision 
Munnsville 

Nanticoke 
Nanuet 
Napanoch 
Naples 

Natural  Bridffe 
Nassau 
Nelsonville 
Neversink 
New  Albion 
New  Berlin 
New  City 
Newark  Valley 
New  Baltimore  Stt. 
New    Bremen 
Newburgh 
Newcomb 
Newfane 
Newfield 
New  Hartford 
New  Haven 
New  Hyde  Park 
New  Lebanon 
New  Lisbon 
Newman 
New  Milford 
New  Palti 
Newport 
New  Rochelle 
New  Russia 
Newton    Falls 
New  Woodstock 
New  York 
New  York   Mill! 
Ni.njjara    Falls 
Nile 
Niobe 
Nineveh 
Niverville 
Norfolk 
N  orris 

Northampton 
North  Boston 
North  Bangor 
North  Brookfield 
North  Chatham 
North  Clvmer 
North  Collins 
North  Constantia 
North  Elba 
North  Evans 
North  Tava 
North  T*itchcr 
North  Lawrence 
North  Norwich 
North  Rose 
North    Russell 
North    Spencer 
North  Stockholm 
North  Tnrrytown 
North  Tonawanda 


County 
Cayuga 
Hamilton 
Schuyler 
Genesee 
Essex 

St.    Lawrence 
Otsego 
Clinton 
St.   Lawrence 
Madison 
Livingston 
Westchester 
Ulster 
Columbia 
Livingston 
Chenango 
Westchester 
Otsego 
Madison 

Broome 

Rockland 

Ulster 

Ontario 

Jefferson 

Rensselaer 

Putnam 

Sullivan 

Cattaraugus 

Chenango 

Rockland 

Tioga 

Greene 

Lewis 

Orange 

Kssex 

Niagara 

Tompkins 

Oneida 

Oswego 

Nassau 

Columbia 

Otsego 

Essex 

Orange 

Ulster 

Herkimer 

Westchester 

Essex 

St.  Lawrence 

Madison 

New    York 

Oneida 

Niairara 

Allegany 

Chautauqua 

Froome 

Columbia 

St.    Lawrence 

Fulton 

Erie 

Franklin 

Madison 

Columbia 

Chautauqua 

Erie 

Oswego 

Essex 

Erie 

Wyoming 

Chenango 

St.   Lawrence 

Chenango 

Wayne 

St.   Lawrence 

Tioga 

St.    Lawrence 

Westchester 

Niagara 


North  Troy 

Rensselaer 

Northville 

Fulton 

North   Western 

Oneida 

Norton   Hill 

Greene 

Norwich 

Chenango 

Norwood 

St.    Lawrence 

Nunda 

Livingston 

Nyack 

Rockland 

Oaks  Corners 

Ontario 

Oakdale    Station 

Suffolk 

C<akfield 

Genesee 

Oaksville 

Otsego 

Ocean  Side 

Nassau 

Ogdensburg 

St.    Lawrence 

Herkimer 

Old  Chatham 

Columbia 

Old  Forge 

Herkimer 

Olean 

Cattaraugus 

Oliverea 

Lister 

Olmstedville 

Essex 

Omar 

Teflferson 
Madison 

Oneida 

Oneonta 

Otsego 

Onondaga  Valley 

Onondaga 

OnoTiUe 

Cattaraugus 

Ontario 

Wayne 

Ontario  Center 

Wayne 

Oquaga  Lake 

Broome 

Oran 

Onondaga 

Orchard   Park 

Erie 

Oriskany 

Oneida 

Oriskany   Falls 

Oneida 

Osborn    Bridge 

Fulton 

Osceola 

Lewis 

Ossining 

Westchester 

Osceola,   Pa. 

Oswego 

Oswego 

Otisville 

Orange 

Otego 

Otsego 

Ouaquaga 
Oyster   Bay 
Overville    Park 

Broome 

Nassau 

Ovid 

Seneca 

Owego 

Tioga 

St.   Lawrence 

Oswegatchie 

Owasco 

Cayuga 

Owls    Head 

Franklin 

Oxbow 

JeflFerson 

Oxford 

Chenango 

Painted  Post 

Steuben 

Palmyra 

Wayne 

Panama 

Chautauqua 

Paradox 

Essex 

Parish 

Oswego 

Pari^hville 

St.    Lawrence 

Parkston 

Sullivan 

Park^ville 

Sullivan 

Patch  ogue 

Suffolk 

Patria 

Schoharie 

Patterson 

Putnam 

Patter^onville 

Schenectady 

Pavilion 

Genesee 

Pawling 
Pearl    River 

Dutchess 

Rockland 

Peeknmose 

TTlster 

Peek^kill 

Westchester 

Pembroke 

Genesee 

Pelham 

Westch  eater 

Pennellville 

Oswego 

Penn   Yan 

Yates 

Pepacton 

Delaware 

Perch   River 

'  eflferson 
Vyoming 

Perry 

Perrysburg 

Cattaraugus 

Peru 

Clinton 

Peruville 

Tompkins 

Peconic 

Suffolk 

Petersburg 

Rensselaer 
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Town 

County 

Town 

County 

Pharsalia 

Chenango 

Richburg 
Richfield   Springs 

Allegany 

Pheips 

Ontario 

Otsego 

Philadelphia 

Jeticrson 

Richiord 

Tioga 

Philmont 

Columbia 

Richland 

Oswego 

Phoenicia 

Ulster 

Richmond 

Richmond 

Phoenix 

Oswego 

RichviUe      ' 

St.  Lawrence 

Piffard 

Livingston 

Riders   Mills 

Columbia 

Pike 

W  ycming 

Ridgley 

Pine  Bush 

Orange 

Rifton 

Ulster 

Pine  Ciiy 
Pine  Hill 

Chemung 

Ripley 
RiTcrhead 

Chautauqua 

Ulster 

Suffolk 

Pine  Plains 

Dutchess 

Riverside 

Broome 

Pine  Valley 

Chemung 

Rochester 

Monroe 

Pierrepont   Manor 

Jefferson 

St.  Lawrence 

Rock  City  Falls 

Saratoga 

Piercefield 

Rockrille 

Allegany 

Pitcher   Springi 

Chenango 

Rockdale 

Chenango 

Pitisford 

Monroe 

Rocklet 

Orange 

Plattsburg 

Clinton 

Rock  Valley 

Delaware 

Plattckill 

Ulster 

Rockwood 

Fulton 

Pleasant  Valley 

Dutchess 

Rocky  P^nt 

Suffolk 

PleasantviUe 

Westchester 

Rodman 

Jefferson 

Pleasantville  Sta. 

Westchester 

Rome 

Oneida 

Plessii 

Jeiierson 

Romulus 

Seneca 

Plymouth 

Chenango 

Roosevelt 

Nassau 

Pocantico  Hills 

Westchester 

Roscoe 

Sullivan 

Point    Peninsula 

Jefferson 

Rosendale 

Ulster 

Poland 

Herkimer 

Rosiere 

Jefferson 

Pompey 

Onondaga 

Rotterdam  Junction 
Round  Lake 

Schenectady 

Poolville 

Madison 

Saratoga 

Pope  Mills 

St.   Lawrence 

Rouses   Point 

Clinton 

Porters   Corners 

Saratoga 

Roxbury 

Delaware 

Port  Byron 
Port  Chester 

Cayuga 

Rushford 

Allegany 

St.   Lawrence 

Westchester 

Russell 

Port  Crane 

Broome 

Port  Ewen 

Ulster 

Sacket  Harbor 

Jefferson 

Porterville 

Krie 

St.   Batavia 

Port  Gibson 
Port  Henry 

Ontario 
Essex 

St.  Jphnsville 
St.    Regis  Falls 

Montgomery 
Franklin 

Portland 

Chautauqua 

Sag  Harbor 

Salamanca 

Suffolk 

Port  Leydcn 

Lewis 

Cattaraugus 

Port  Washington 

Nassau 

Salem 

Washington 

Potsdam 

St.   Lawrence 

Salisbury  Mills 
Salt   Point 
Samsonville 

Orange 
Dutcness 

Ulster 

Poughkeepsie 
Poultney 

Dutchess 

Prattsburg 

Steuben 

Sanborn 

Niagara 

Pratt  sville 

Greene 

Sandusky 
Sandv  Creek 

Cattaraugus 

Preston 

Chenango 

Oswego 
Washington 

Preston   Hollow 

Albany 

Sandy   Hill 

Prospect 

Oneida 

Sanford 

Broome 

Pulaski 

Oswego 
Westchester 

Sanford    Comers 

Jefferson 
Broome 

Purchase 

Sanitariit  Springi 

Purling 

Greene 

Santa  Clara 

Franklin 

Putnam 

Washington 

Saugerti  ts 

Ulster 

Putnam   Station 

Washington 

Saranac 

Clinton 

Saranvc   Lake 

Franklin 

<  Quaker    Street 
Quogue 

Schenectady 

Saratoga    Springs 

Saratoga 

Suffolk     • 

Sardin  la 

Erie 

SauOuiut 

Oneida 

Racket    Rirer 

St.  Lawrence 

Sav.iniiah 

Wayne 

Randall 

Montgomery 

Saw  yei  sville 

Randolph 

Cattaraugus 

Savons 

Steuben 

Ransomville 

Niagara 

ScsrbOfO 

Westchester 

Ravena 

Albany 

Sc».rsd>le 

Westchester 

Ray  Brook 

Essex 

Schaghticoke 

Rensselaer 

Rayville 

Columbia 

Schenectady 

Schenectady 

Reading    Center 

Schuyler 

Schenevus 

Otsego 

Rector 

Lewis 

Schodack  Landing 

Albany 

Red  Creek 

Wayne 

Schoharie 

Schoharie 

Red  Hook 

Dutchess 

Schroon  Lake 

Essex 

Red  House 

Cattaraugus 

Schuyler  Lake 

Otsego 

Redwood 

Jefferson 

Scotia 

Schenectady 

Reidsville 

Albany 

Scottsburg 

Livingston 

Remsen 

Oneida 

Scott 

Cortland 

Rensselaer 

Rensselaer 

Sea  Cliff 

Nassau 

Rensselaer   Falls 

St.  Lawrence 

Seaford 

Nassau 

Rensselaerville 

Albany 

Scely   Creek 

Chemung 

Rernoldston 

Franklin 

Srneca 

Ontario 

Rex  ford   Flats 

Saratoga 

Seneca   Falls 

Seneca 

Rexville 

Steuben 

Sennett 

I nyuga 

Rhinebeck 

Dutchess 

Seward 

Schdharie 
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Town 
Severance 
Shady 
Shandaken 
Sharon    Springs 
Shavertown 
Sheds 

Shelter  Island  Hts. 
Shelter  Island 
Sherburne 
Sherrill 
Shokan 
ShortsTille 
Sinclainrille 
Sidney 

Sidney    Center 
Silver  Creek 
Silver  Springs 
Slaterville  Springs 
Sloan 
Sloansville 
Sloatsburg 
Smiths    Basin 
Smithtown 
Smyrna 
Snyder 
Sodus 

Sodus  Point 
Solon 
Solvay 
South  Byron 
'  South  Berne 
South  Colton 
South  Dansville 
South  Dayton 
South  Edmeston 
South  Glens  Falls 
South  Granby 
South  Granville 
South  Hamilton 
South  Hammond 
Southampton 
Southold 
South  Lansing 
South  Lima 
South  Livonia 
South  New  Berlin 
South  Otselic 
South  Plymouth 
South  Randall 
South  Russell 
South  Rutland 
South  Wales 
South  Worcester 
Sparrow  Bush 
Speedsville 
Spencer 
Spencerport 
Spenccrtown 
Sprakers 
Springfield 
Spring  Glen 
Springville 
Springwater 
Springs 
Spring  Mills 
South   Gilboa 
Stamford 
Stanfordville 
Staatsburg 
Stafford 
Stanley 
Stephentown 
Sterling  Center 
Sterling  Station 
Stillwater 
Stone  Ridge 
Stony  Creek 
Stottville 
Stratford 
Stratsburg 


County 
Essex 
L  Istcr 
Ulster 
Schoharie 
Delaware 
Madison 
Suffolk 
Suffolk 
Chenango 
Oneida 
Ulster 
Ontario 
Chautauqua 
Delaware 
Delaware 
Chautauqua 
Wyoming 
Tompkins 
Erie 

Schoharie 
Rockland 
Washington 
Suffolk 
Chenango 
Erie 
Wayne 
Wayne 
Cortland 
Onondaga 
Genesee 
Albany 
St.  Lawrence 
Steuben 
c:attaraugus 
Otsego 
Saratoga 
Oswego 
Washington 
Madison 
St    Lawrence 
Suffolk 
Suffolk 
Tompkins 
Livingston 
Livingston 
Chenango 
Chenango 
Chenango 
Montgomery 
St.   Lawrence 
Jefferson 
Erie 
Otsego 
Orange 
Tompkins 
Tioga 
Monroe 
Columbia 
Montgomery 
Otsego 
Ulster 
Erie 

Livingston 
Suffolk 
Allegany 
Schoharie 
J3claware 
Dutchess 
Dutchess 
Genesee 
Ontario 
Rensselaer 
Cayuga 
Cayujjra 
Saratoga 
Lilster 
Warren 
Columbia 
Fulton 


Town 

County 

Strykersville 

Wyoming 

Stockbridge 

Madison 

Stuyvesant 

Columbia 

Suffern 

Rockland 

Surprise 

Greene 

Susquehanna,  Pa. 

Swormville 

Erie 

Syosset 

Nassau 

Syracuse 

Onondaga 

Tabere 

Oneida 

Tacoma 

Delaware 

Tannersville 

Greene 

Tappan 

Rockland 

Tarrytown 

Westchester 

Theresa 
Thiells 

Jefferson 
Rockland 

Three  Mile  Bay 

Jefferson 
Warren 

Ticonderoga 

Essex 

Tuckahoe 

Westchester 

Tonawanda 

Erie 

Towners 

Putnam 

Town  Line 

Erie 

Tracv   Creek 

Broome 

Treadwell 

Delaware 

Tribes   HUl 

Montgomery 

Troupsburg 

Steuben 

Trout  Creek 

Delaware 

Troy 

Rensselaer 

Trumansburg 

Tompkins 
Washington 

TruthvUle 

J""y  , 

Onondaga 

Tunnel 

Broome 

Tupper  Lake 

Franklin 

Turnwood 

Ulster 

'lurner 

Orange 

Tuscarora 

Livingston 

Ulsterville 

Ulster 

Unadilla 

Otsego 

UnadiUa  Forks 

Otsego 

Union 

Broome 

Union  Center 

Broome 

Union  Springs 
Union  Valley 

Cayuga 

Cortland 

Upper  Jay 
Upper  Lisle 

Essex 

Broome 

Upper  Red  Hook 
Upper  Montclair 

Dutchess 

Uriton 

Greene 

Utica 

Oneida 

Uppenrille 

Chenango 

Vail  Mills 

Fulton 

Valhalla 

Westchester 

Valley   Falls 

Rensselaer 

Vanhornesville 

Herkimer 

Varna 

Tompkins 

Varysburg 

Wyoming 

Vcrmontville 

Franklin 

Vermont 

Vernon 

Oneida 

Verona 

Oneida 

V  ersaillea 

Cattaraugus 

Vestal 

Broome 

Vestal   Center 

Broome 

Victor 

Ontario 

Vintonton 

Schoharie 

Virgil 

Cortland 

Wadhams 

Essex 

Wading  River 

Suffolk 

Wainscott 

Suffolk 

Walden 

Orange 

Wales  Center 

Erie 

Walker  Valley 

Ulster 

Wallkill 

Ulster 

Walton 

Delaware 

Walworth 

Wavnc 
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TOWM 

Wanakena 

Wanugh 

Wappingers   Falls 

Waraer 

Warrensburg 

Warsaw 

Warwick 

Washington   Mills 

Waterford 

Waterloo 

Waterport 

VVatertown 

WaterrUle 

Watcrvlict 

Watkins 

Waverly 

Wayland 

Wayvillc 

Webster 

Weedsport 

Wegatchie 

Wefis 

Wells  Bridge 

Wellsburg 

WellsviUe 

West  Albany 

West  Amboy 

West  Berne 

West  Bloomfield 

West  Brighton 

West  Brook 

West  Burlington 

West  Chazy 

Westchester 

West  Clarksville 

West  Coxsackie 

Westdale 

West  Danby 

West  Day 

West  Edmeston 

West     Jbjceter 

Westerlo 

Westemville 

Westford 

West  Falls 

Westfield 

West  Fulton 

West  Galway 

West  Granville  Cors. 

West  Hampton  Bch. 

West  Hebron 

West  Hurley 

Westkill 

West  Kortright 

West  Laurens 

West  Lebanon 

West   Ley  den 

West  Monroe 

West  Oneonta 


County 
St.   Lawrence 
Nassau 
Dutchess 
Onondaga 
Warren 
Wyoming 
Orange 
Oneida 
Saratoga 
Seneca 
Orleans 
Jefferson 
Oneida 
Albany 
Schuyler 
Tioga 
Steuben 
Saratoga 
Monroe 
Cayuga 
St.    Lawrence 
Hamilton 
Otsego 
Chemung 
Allegany 
Albany 
Oswego 
Albany 
Ontario 
Monroe 
Delaware 
Otseffo 
Clinton 
New  York 
Allegany 
Greene 
Oneida 
Tompkins 
Saratoga 
Otsego 
Otsego 
Albany 
Oneida 
Otsego 
Erie 

Chautauqua 
Schoharie 
Fulton 
Washington 
Suffolk 
Washington 
Ulster 
Greene 
Delaware 
Otsego 
Columbia 
Lewis 
Oswego 
Otsego 


Town 

County 

West  l^ierpont 

St.    Lawrence 

Weatport 

Essex 

Weat  Sand  Lake 

Kenssclaer 

West  Seneca 

Eric 

West  Shokan 

Ulster 

Weat  Taghkanick 

Columbia 

Weattown 

Orange 

Weat   Stockholm 

St.  Lawrence 

West  Valley 
West  Winfield 

Cattaraugus 

Herkimer 

Westmoreland 

Oneida 

Wethersfield   Springs  Wyoming 

WUlseyviile 

lioga 

WhaUonsburg 

Essex 

Waippleville 

Franklin 

White  Creek 

Waahington 

WhttehaU 

Washington 

White  Lake 

Sullivan 

White  Flains 

Westchester 

Whitesboro 

Oneida 

White  Sulphur  Spgs. Sullivan 

Whitesville 

Allegany 

Whitfield 

Ulster 

Whitney   Crossings 

Allegany 

Whitney  Point 

Broome 

WiJlet 

Cortland 

Williamson 

Wayne 

Williamstown 

Oswego 

Williamsville 

Erie 

Wilmington 

Essex 

Willow 

Ulster 

Willowemoc 

Sullivan 

Willsboro 

Essex 

Wilson 

Niagara 

Wilton 

Saratoga 

Windham 

Greene 

Windsor 

Broome 

Winthrop 

St.  Lawrence 

Wiacoy 

Allegany 

Witherbee 

Essex 

Wittenberg 

Ulster 

Wolcott 

Wayne 

WoodhuU 

Steuben 

Woodmere 

Nassau 

Woodatock 

Ulster 

WoodviUe 

Jefferson 

Worcester 

Otsego 

Wynantskill 

Rensselaer 

Wyoming 

Wyoming 

Yonkers 

Westchester 

York 

Livingston 

Yorkshire 

Cattaraugus 

Yorktown   Heights 

Westchester 

Yorkville 

Oneida 

Youngsville 

Sullivan 

Zena 
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ALICE  G.  McCLOSKEY, 

Lecturer  in  Nature-Study. 
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HOME  NATURE-STUDY  COURSE 


TEACHING 


The  nature-study  teaching  in  Cornell  University  has  consisted 
of  four  regular  courses :  one  in  nature-study  pedagogy  and  litera- 
ture, one  laboratory  course  in  general  nature-study,  one  labora- 
tory course  in  the  nature-study  of  the  garden,  and  one  lecture 
course  in  the  nature-study  of  the  farm.  About  20  students  re- 
ceived instruction  in  these  courses.  In  addition  to  the  regular 
work,  a  s;'ccial  course  was  given  to  six  members  of  the  Winter- 
Con:  sc  wno  desired  instruction  in  nature-study  to  prepare  for  the 
positions  of  district  superintendent. 

In  the  Summer  School  there  was  a  class  of  about  60  in  nature- 
study.  The  teaching  was  done  in  cooperation  with  Professor 
Hawkins  of  the  Cortland  Normal  School,  and  consisted  of 
lectures  and  field  practice.  The  students,  except  those  who  were 
called  away  by  the  examinations  for  superintendent,  continued 
earnest  and  hard-working  to  the  end  of  the  term. 

EXTENSION 

With  the  Home  Nature-Study  Leaflet  for  April-May,  1910,  the 
nature-study  subjects  as  outlined  in  the  Syllabus  for  Nature- 
Study  and  Agriculture  published  by  the  State  Education  Depart- 
ment were  practically  finished.  It  was  thought,  in  view  of  the 
great  interest  in  gardening,  that  the  Home  Nature-Study  Leaflets 
might  be  continued  one  year  longer  with  the  object  of  assisting 
the  teachers  in  school  gardens.  During  the  year  1910-1911  four 
leaflets  were-  published,  including  thirty  lessons  on  subjects 
directly  relating  to  the  garden.  These  leaflets  seemed  to  be 
received  with  much  favor  by  teachers  throughout  the  State. 
They  were  sent  to  about  3,000  teachers  in  New  York  State,  of 
whom  probably  1,000  were  training-class  pupils;  the  leaflets  were 
sent  also. to  462  libraries,  and  to  about  300  teachers  outside  of 
the  State.  The  requests  for  these  leaflets  for  the  coming  year 
have  been  numerous  and  earnest,  and  we  have  been  compelled 
to  write  many  letters  explaining  that  the  nature-study  work 
would  hereafter  be  contained  in  the  Rural  School  Leaflet. 

[cxivi] 
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Home  Nature-Stldv  Course  cxlvii 

In  addition  to  the  extension  teaching  accomplished  by  the 
ieai'cts,  regular  instruction  in  nature-study  was  given  to  the 
training  class  of  the  Ithaca  High  School.  Numerous  inquiries 
relating  to  nature  subjects  have  been  received  and  about  800 
letters  have  been  written  in  answer. 

ANNA  BOTSFORD  COMSTOCK. 

Lecturer  in  Nature-Study. 
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cxlviii  Financial  Statement 

STATEMENTS  OF  RECEIPTS  AND  EXPENDITURES  OF  CORNELL 
UNIVERSITY  AGRICULTURAL  EXPERIMENT  STATION  FOR 
THE  FISCAL  YEAR  ENDING  JUNE  30.  191 1. 

federal  funds 
Receipts $13,500  cx)     $13,500  00 


Expenditures 

Salaries $7,078  29  $9,719  97 

Labor 2,497  43  2,255  62 

Publications 1,689  ^7         

Postage  and  stationery 401  55  no  40 

Freight  and  express 79  79  32  31 

Heat,  light,  water,  and  power 12  05         

Chemical  and  laboratory  supplies 13  10  405  97 

Seeds,  plants,  and  sundry  supplies 308  58  314  71 

Fertilizers 10  58 

Feeding  stuffs 40  00  20  00 

Library 196  19  5  87 

Tools,  machinery,  and  appliances 15  84  37  25 

Furniture  and  fixtures 189  03  201  65 

Scientific  apparatus  and  specimens 42  53  ii7  19 

Live  stock 

Traveling  expenses 236  35  55  77 

Contingent  expenses 25  00         

Buildings  and  land 675  00  212  71 


$13,500  00     $13,500  00 


We,  the  undersigned,  duly  appointed  Auditors  of  the  Corporation, 
do  hereby  certify  that  we  have  examined  the  books  and  accounts  of 
the  Cornell  University  Agricultural  Experiment  Station  for  the  fiscal 
year  ended  June  30,  191 1 ;  that  we  have  found  the  same  well  kept 
and  classified  as  above;  that  the  receipts  for  the  year  from  the 
Treasurer  of  the  United  States  are  shown  to  have  been  $13,500 
under  the  act  of  Congress  of  March  2,  1887,  and  $13,500  under  the 
act  of  Congress  of  March  16,  1906,  and  the  corresponding  disburse- 
ments $13,500  and  $13,500;  for  all  of  which  proper  vouchers  are  on 
file  and  have  been  by  us  examined  and  found  correct,  thus  leaving  no 
balances. 
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Financial  Statement  cxlix 

And  we  further  certify  that  the  expenditures  have  been  solely  for 
the  purposes  set  forth  in  the  acts  of  Congress  approved  March  2, 
1887,  2ind  March  16,  1906,  and  in  accordance  with  the  terms  of  said 
acts,  respectively. 

(Signed) 

HENRY  B.  LORD, 
CHARLES  E.  TRE:\IAN, 
JARED  T.  XEW^L^N, 

Auditors. 
(Seal) 

Attest:  E.  L.  Williams, 

Treasurer. 
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ORGANIZATION 

Op  the  Cornell  University  Agricultural  Expbrimbnv 
Station. 


BOARD  OF  CONTROL 
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JACOB  GOULD  SCHURMAN,  President  of  the  University. 
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EDWARD  R.  MINNS,  Farm  Practice. 
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K.   C.  LIVERMORE,  Farm  Management. 
The  regular  bulletins  of  the  Station  are  sent  free  to  persons  residing  in  New 
ITork  State  who  request  them. 
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LABOR-SAVING  POULTRY  APPLIANCES 

This  bulletin  describes  and  illustrates  labor-saving,  sanitary,  and, 
for  the  most  part,  inexpensive  poultry  appliances.  These  have  all 
been  devised  or  improved  by  members  of  the  Department  of  Poultry 
Husbandry  of  the  New  York  State  College  of  Agriculture  at  Cornell 
Universitv.  They  are  unpatented.  So  far  as  we  know  they  are  not  in- 
fringements on  existing  patents.  Any  person  or  manufacturer  is  free, 
so  far  as  we  are  concerned,  to  make  or  use  these  appliances,  but  must 
assume  all  risk  of  litigation  because  of  alleged  infringements. 
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PBBDING   DBVICBS 

It  now  seems  certain  that  hopper-feeding  of  laying  fowls  is  to  be  an 
important  feature  of  the  modem  system  of  poultry  feeding.  Hopper- 
feeding  saves  labor,  guards  against 
under-feeding,  and  makes  the 
keeping  of  fowls  in  large  flocks 
less  objectionable  in  that  it  avoids 
crowding,  which  is  likely  to  occur 
when  fowls  in  large  flocks  are  fed 
a  wet  mash.  Experiments  at  this 
station  indicate  that  for  young 
fowls  of  the  laying  varieties,  kept 
for  commercial  egg  production, 
the  feeding  of  a  dry  mash  in  a 
feed  hopper  which  is  accessible 
from  noon  till  night  is  to  be  rec- 
ommended. We  are  certain  that 
hopper-feeding  properly  employed 
has  genuine  merit  and  will  become 
an  established  practice.  To  be 
successful,  however,  it  must  be  adapted  to  the  various  breeds  and 
other  conditions  with  respect  to  age,  season,  and  environment. 

There  are  many  styles  of  feed-hoppers  and  feed-troughs.  Each  has 
its  peculiar  adaptability  to  particular  conditions.  A  number  of  styles 
are  listed  below.  These  are  so  different  that  one  will  be  found  adapted 
to  nearly  any  method  of  feeding. 

Chick  feed-trays. — In  Fig.  i  there  are  represented  three  sizes  of  a 
simple  trough  for  feeding  chicks.    The  smaller  one  is  used  until  the 

Digitized  by  VjOOQ IC 


r 


1 


^isfls:'^*-' 


Fig.  I. — Chick  feed-trays  of  different  sizes 
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Fig.  2 . — Troughs  for  feeding  large  chickens 


chicks  have  learned  the  feeding  place,  after  which  the  larger  tray  is 
used.  A  piece  of  one-half  inch  mesh  hardware  cloth  is  cut  to  fit  loosely 
inside  the  tray.  This  cloth,  when  placed  on  top  of  the  feed,  allows 
the  chicks  to  eat,  but  prevents  them  from  scratching  the  food  into  the 
litter  where  much  of  it  would  be  wasted.  The  trays  should  not  be 
made  any  larger  than  thirty  inches  long  by  six  inches  wide  by  two, 

three,  or  four  inches  deep.     Larger 
trays  would  allow  the  feed  to  remain 
exposed  too  long  and  to  be  soiled 
by  the  chick  droppings.    The  trays 
should  be  kept  clean.    They  should 
be  replaced  as  early  as  possible  by  the 
more  sanitary  self -feeding  hoppers. 
Feed4roughs. — The  chick  feed-trough  represented  in  Fig.  2  is  excellent 
for  use  under  cover.    At  the  Cornell  poultry  plant  it  is  placed  under 
colony  houses.     It  is  inexpensive  and  ver}^  easily  made.     The  cover  is 
attached  to  two  vertical  end  pieces  which  fit  loosely  into  a  guide-iron 
at  each  end,  thus  allowing  it  to   be   easily,  and   quickly  removed  for 
filling.    The  top  is  held  in  place  by  screws  which  fit  against  the  guide 
iron  and  keep  the  cover  at  a 
desired  height.     At  times  it 
is  found  necessary  to  place 
a  frame  just  above  the  top 
edge    and   to    fasten   wires 
every  three  inches  across  this 
frame.  This  will  prevent  any 
wasting  of  the    feed.     The 
frame  is  removable  to  allow 
easier  cleaning  of  the  trough. 
An  outdoor  hopper, — A  ca- 
pacious outdoor   hopper   is 
illustrated  in  Figs.  3  and  4 
and  in  the  cover  cut.     This 
has  the  advantage  of  holding 
a  large  supply  of  whole  and 
ground  grains,  meat  scrap,  shell  and  grit,  sufficient  to  supply  the  range 
fowls  with  food  for  several  days.     One  side  of  the  top  of  this  double 
hopper  is  hinged  to  open   for  filling.    The  top  is  covered  with  roofing 
paper  and   has  wide  over-hanging  eaves  and  closed  ends   to  protect 
the    feed-trough    from    rain.      The    sides    gradually    approach    until 
they  *  are  four  inches  apart  at  the  bottom,  one  and  one-half   inches 


Fig.  3. — An  outdoor  hopper 
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Pig.  4. — lV<7rJbng  plans  of  a  double  outdoor  hopper 

above  the  bottom  of  the  feed-trough.  The  feed-trough  is  fourteen 
inches  wide  with  a  four-inch  retaining  board  on  each  side.  At  every  four 
inches  or  closer  on  the  body  of  the  hopper  directly  over  the  feed-trough, 
six-inch  lengths  of  common  fence  wire  are  driven  through  holes  in  the  side 
of  the  hopper  and  into  the  top  edge  of  the  feed-trough.  These  wires 
serve  to  prevent  the  birds  from  flirting  the  feed  out.    The  hopper  can 
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Pio.  s.-^Warking  plans  of  a  single  indoor  hopper 
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Fig.  6. — A  galvanized  iron,  force-feed, 
non-wasting,  rainproof  hopper 


be  made  as  long  and^s  deep  as  desired.    The  dimensions  recommended 

are  five  feet  long,  three  feet  high  and  thirty-two  inches  wide.     The 

steeper  the  sides,  the  less  will  be  the 'danger!  of  clogging.     By  placing 

the  wires  not  more  than  two  and  one-half  inches  apart,  or  by  putting 

a  small  cap  oil  the  top  edge  of  the 
feed-trough,  projecting  half  an  inch 
into  the  trough,  the  possibilities  of 
w^ti^ig  are  lessened.  A  hopper  of 
this  siie  will  hold  about  one  hun- 
dred and  seventy  pounds  Jof  mixed 
grain,  one  hundred  and  thirty-five 
pounds  of  mixed  ground  feed,  forty- 
five  pounds  of  grit,  and  thirty-five 
pounds  of  beef  scrap.  It  should  cost, 
for  labor  and  materials,  about  $6.00. 
Working  plans  are  given  in  Fig.  4. 
An  indoor  hopper. — A  hopper  simi- 
larly constructed  may  be  used  in- 
doors. The  measurements  are  al- 
tered   somewhat    to    meet,     more 

adequately,  the  conditions  "v^dthin  the  pens. 

The  hopper  should  be  placed  on  a  platform 

raised  about  fifteen  inches  above  the  floor. 

This  places  the  feed-trough  above  the  danger 

of  being  filled   with  litter  when  the  fowls 

are  scratching  on  the  floor.   (Fig.  5.)   A  door 

may  also  be    fitted   over   the    feed-trough, 

making  it  possible  to  close   out  the  fowls. 

The  ends  can  be   hooked  to  the  partition 

wall,  thereby  saving    the    material    for  the 

back  of  the  hopper  and  making  it  easy  to 

detach  and  clean.     The  curved  tin  at  the 

bottom  aids  in  working  the  feed  downward 

and    forward.     A    double    hopper    on  the 

principle   of   two   such  hoppers  as   shown 

in  Fig.  5,  placed    back   to    back,    can   be 

made,   thereby  saving    the   wall   partition 

and  making  it  possible   to  fill  both  hoppers  at  one  time. 

Galvanized  iron  hopper, — Where  rats  or  mice  are  a  menace,  a   gal- 
vanized  iron   hopper   is   recommended.    This  is  more  expensive  than 

the  wooden  home-made  hoppers,  but  is  more  economical  in  the  end. 


Fig.  7. — Another  view  of  the 
galvanized  iron  hopper 
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At  night,  when  the   rats  ardinarily  feed,  the  hoppter  door  should  be 
closed. 

In  Figs.  6  and  7  thijs  feed-hopper  is  shown.  It  is  m^de  of  No.  26 
galvanized  iron,  is  twenty-three  inches  long,  twenty-two  inches  tall, 
and  eight  inches  wide,  and  is  divided  into  two  compartments. .  Each 
compartment  holds  about  twenty  potmds  of  meal  or  thirty-five  pounds- 
of  grain.  It  is  built  with  a  slanting  top  to  keep  (owls  from  perching 
on  it.  A  door  on  the  front  hooks  down  and  closes  the  opening  when  it 
is  desired  that  the  fowls  should  not  eat.     The  galvanized  iron  construc- 


FiG.  8. — The  force-feed  grit  hopper  with  three  compartments 

tion  and  the  door  make  it  entirely  rat-proof.  It  is  placed  on  a  plat- 
form twelve  inches  high  and  fifteen  inches  wide,  on  which  the  fowls 
stand  when  eating.  The  elevated  platform  protects  the  hopper  from 
being  filled  with  litter.     The  cost  is  about  $3.50. 

A  force-feed  grit  hopper, — Recent  experiments  at  the  College  have 
demonstrated  that  both  lime  and  grinding  material  are  required  by 
fowls  for  best  results  in  health  and  production.  It  is  essential,  there- 
fore, that  fowls  have  access  to  cracked  oyster  shells  at  all  times.  It 
also  appears  to  be  desirable  that  some  other  form  of  grit  be  provided, 
and  perhaps  charcoal  as  well.     For  this  purpose,  a  grit  hopper  large 
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enough  to  make  frequent  filling  unnecessaryt  and  so  constructed  that 
it  will  keep  clean  and  not  clog,  is  required.  The  grit  hopper  shown 
in  Figs.  8  and  9  accomplishes  these  results.  Its  distinguishing  feature 
is  the  rounded  .^^ 
back,  which  ^■^^IT^""^^- — —  " 
compels  a  force- 
feed.  The  cost  is 
$12.00  per  dozen. 
Single  compartment 
hoppers  are  illustra- 
ted in  Fig.  10.  They 
cost  $6.00  per  dozen. 

A  force-feed  hopper 
should  have  a  slanting 
cover,  steep  enough  to 
prevent  the  fowls 
roosting  on  it. 

Wall  supply-can, — 
When  fowls  are  housed 
on   the    colony-house 
plan,    or    on    farms 
where  a  trolley  system 
cannot    be    installed, 
or  where  but  one  pen 
of  fowls  is  kept,  much 
time  can  be  saved  and  mcon- 
venience  avoided   by  having 
a  supply-can  large  enough  to 
hold  several  days'  feedings  of  mixed 
whole  grains.     A  can  suitable  for  Ibis 
piurpose  is  illustrated  in  Fig.   11-     It 
can  be  hung  out  of  the  way  on  the  wall 
of   the  pen.     It  has  a   handle    so   that  it 
can  be  carried  to  the  granary  for  refilling . 

By  the  feed-supply-can  system  the  at- 
tendant carries  only  a  small  hand  scoop 
from  pen  to  pen  when  feeding.  The  eggs 
are  gathered  and  the  last  feeding  of  the  day 
is  done  on  the  same  trip  through  the  pens.  The  attendant  is  then 
free  to  carry  only  one  basket  when  gathering  the  eggs.  Otherwise 
it  is  necessary  to  make  an  extra  trip  through  the  pens   to  gather  the 


1 

J 


Fig.  9. — Tht  end  view  of  the 
grit  hopper  showing  method 
of  construction 
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Fig.  10. — Single  compartment  grit  or  shell  force-feed 
galvanised  iron  hoppers 


eggs  after  feeding.     It  is 

a  decided   advantage  to 

be  relieved   of    carrying 

both  a  feed-basket   and 

an  egg-basket  at   one 

time. 

The  supply-can  also 

provides  a  convenient 

place    to   put    the    eggs 

when  they  are   removed 

from  the  nests  during 

the  day  if  trap-nests  are 

used. 

The  cans  here  shown 

hold  thirty   pounds  of 

mixed  grain  and  should 

cost   not  to  exceed   ninety  cents. 

A  feed-wagon. — Where  range  methods  of  housing  poultry,  especially 

growing  chickens,  are  followed,  it  is  essential  to  have  an  easy  method 

of  conveying  the  daily  food  and  water.     A  low-down  wagon  designed 

for  this  kind  of  work  is  shown  in  Fig.  12.    A  set  of  wheels,  axles,  and 

shaft  must  be  provided.    On  the  axles  the  plank  platform,  three  feet  four 

inches  wide  at  the  rear  and  nine  feet  long,  is  bolted.    The  front  of  the 

platform  is  only  one  foot  eight  inches  wide,  to  make  short  turning 

possible.  The  platform  is  placed 
on  top  of  the  axles  so  that  all  of  it 
is  usable.  Movable  side  and  end 
boards,  five  feet  nine  inches  long, 
three  feet  four  inches  wide  and  two 
feet  five  inches  high,  are  fitted  to  this 
platform  as  shown  in  Fig.  13.  In 
this  form,  the  wagon  is  used  for 
canying  litter  to  and  from  the 
pens. 

When  used  for  carrying  feed,  two 
boxes  the  size  of  the  narrow  front 
of  the  platform  are  fitted  on  the 
front  to  carry  mixed  grain  and 
mixed  meals.  Behind  these  can  be 
put  boxes  for  other  feeds,  cans  for 
skimmed  milk,  or  egg-crates  if  eggs 


Fio.  II.— A  feed  supply-can 
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Fig.  12. — The  feed-wagon  *«  use  on  the  range 

are  to  be  gathered.  Near  the  rear  truck  a 'large  barrel,  fitted  with  hose 
having  a  molassies  stop-cock  at  its  end,  carries  the  day's  supply  of  water. 

Such  a  wagon  can  be  driven  from  pen  :tp  pen  or  brooder  to  brooder, 
and  each  supplied-  with  grain  and  watei*;^ with  a  minimum  amoimt  of 
labor.  By  this  means;  and  by  the  use  of  ,pr<;^er,food,  hoppers  and  water 
pans,  the  work  of  feeding,  watering  and  giving;  milk*  to  three  thousand 
chickens  can  be  done  in  less  than  one  hour's  time  each  day,  when  the 
range  is  not  more  than  three-quarters  of  a  mile  from  the  starting  point. 

Cost  of  wagon  complete: 

a  sets  of  wheels  with  axles  and  shafts  for  one  horse  $19.65 

40  ft.  basswood i .  60 

20  ft.  ash .80 

4  eyes  on  axle i .  00 

2  rub  irons .50 

2  braces  for  axle i .  00 

King  bolt  brace .50 

1  pair  bolster  plates .75 

70  bolts  @  3c 2.10 

Ironing  shafts. 3 . 00 

2  grain-boxes — 17'  x  iS'x  25' i  .00 

Painting  and  lettering  (4  coats) 8 .00 

23  hours  time  @  40c 9 .  20 

Total $49- 1<> 

On  most  farms,  many  of  the  articles  required  to  construct  a  suitable 
lo^-down  wagon  similar  to  the  one  described  can  be  secured  at  Utile 
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Fig.  13. — The  feed-wagon  ready  for  hatUing  liUer   ' 

or  no  cash  outlay.  Wide  tires  are  desirable.  Higher  wheels  with  a 
drop  body  swinging  from  the  axles  would  make  the  draught  lighter, 
but  would  reduce  slightly  the  size  and  convenience  of  the  body. 

An  overhead  track  a^nd  car, — The  economy  in  labor  of  feeding  fowls 
in  long  houses  divided  into  a  number  of  pens  is  greatly  increased  by 
the  use  of  an  overhead  car  system  passing  from  one  end  of  the  house 
to  the  other.  When  the  feed  room  is  not  in  immediate  connection 
with  the  house,  the  track  can  be  extended 
over  the  intervening  space  and  the  heavy 
work  of  carrying  feed  or  other  necessities 
lessened. 

There  are  several  desirable  kinds  of  tracks 
and  cars  now  manufactured  which,  with 
slight  alterations,  would  be  stiitable  for  the 
poultry  work.  For  use  on  very  large  plants 
it  undoubtedly  would  be  preferable  to  pur- 
chase such  a  manufactured  equipment,  but 
on  smaller  farms,  or  where  the  greatest  econ- 
omy is  practiced,  a  serviceable  home-made 
track  and  car  will  meet  the  requirements. 
An  ordinary  bam  door  track  spiked  to  two- 
by-four  inch  sticks  is  used.  These  sticks  are 
suspended  from  the  rafters  by  hangers.  The 
hangers  can  be  made  from  old  wagon  wheel 
tires  welded  into  the  shape  shown  in  Fig.  14. 
Two  nail  holes  are  made  in  the  upper  end 


Fio.  14. — The  hanger  to  sup- 
port the  timh  grs  and  track  of 
a  trolley  system 
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Fio,  f  5, — A  hofM-mads  lied  or  clianing  car.  Note  how 
ihe  track  U  extended  beyofid  the  house  and  how  the  car 
is  dumped 


the  ipikc.  The  track  can  be  carried 
bryond  the  house  by  supporting  it 
brtwccn  two  i)0St8  with  cross  beam 
or  by  a  single  post  with  brace  and 
cToftS  arm.  (Fig.  15.)  At  least  two 
curs  two  nrrdrd,  one  for  cleaning  and 
tho  othrr  for  feeding.  The  same 
car  should  never  be  used  in  both 
capacities. 

A  desirable  style  of  home-made 
dump  car  for  cleaning  is  illustrated 
in  Pig.  15.  A  piece  of  wagon  tire  is 
bent  into  the  shape  of  a  large  U,with 
the  bar  tho  dcsin^d  length  ol  the  car. 
One-half  incn  holes  are  bored  through 
this  irt)n  near  each  bend  in  the  upper 
bar  anil  near  t  he  lowTr  ends.  A  smaller 
hole  with  kry»l>olt  to  fit  is  bored  about 
one  foot  higher  up  on  either  side  of 
this  arm.  This  iron  form  is  supported 
Uv  a  pair  of  the  "Meyers*  Tandem *• 
(Fig,  16)  bam  door  rollers  bolted 
through  the  holes  in  the  upper  part 
of  the  bar.  The  box  is  made  of 
th«  desired  width  and  depth  to  fit 


for  iciewmg  the  hanger 
totheiafter.  Thelower 
end  is  bent  into  the 
shape  of  an  L,  into 
which  the  two-by-four 
inch  stick  fits  and  is 
held  by  screws  or  short 
spikes.  The  track 
should  be  fastened  to 
the  same  side  of  the 
stick  as  the  hanger  so 
that  the  side-draw 
of  the  car  will  come 
against  the  side  of  the 
hanger  instead  of  from 


Pio.  x6.— rJW 
tke 


and  track  usedi 
tfoOeysyslmm 
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between  the  two  arms  of  the  bar.  In  the  middle  of  each  end,  an  inch 
from  the  bottom  of  the  box,  one-half  inch  holes  are  made  and  strap- 
iron  washers  fitted  over  them  and  screwed  to  the  ends  of  the  box.  The 
box  is  next  fitted  into  place  and  a  long  half-inch  rod  passed  through 
the  holes  in  the  arm  of  the  bar,  then  through  the  box  and  the  op- 
posite arm,  thereby  supporting  the  box  on  a  pivot.  A  small  hole  is 
bored  in  the  end  of  the  box  opposite  the  key-bolt  hole  in  one  arm. 
This  key-bolt,  when  in,  keeps  the  box  upright,  but  allows  it  to  turn 
over  when  withdrawn.     (Fig.  15.) 

A  similar  car  can  be  used  for  feeding.  If  the  dumping  feature  is 
not  important,  the  sides  to  the  iron  bar  can  be  bolted  securely  to  the 
end  of  the  box. 

Cost: 

Hangers,  each $0 .  20 

Track,  per  foot .04 

2"  X  iC  supports,  per  foot .016 

Rollers,  per  pair .80 

Iron  band,  washers,  and  bolt i .  50 

Tire  band,  for  box i .  00 

watering  devices 

Water-pan. — The  most  convenient  style  of  water-pan  is  a  circular 
one,  such  as  shown  in  Fig.  17.  It  is  made  of  galvanized  iron.  The 
sides  are  flaring  so  that  if  the  water  ^^^^^^^Ki 

freezes  the  expansion  will  force  the 

ice  upward  instead  of  outward.    By     C      ~     '  ^^ 

having  the  top  wider  than  any  other       uC*  ^ 


p5^/^-. 


part,  the  ice  can  be  easily  loosened 

and  removed.     It  should  be  placed  p^^^i«^       \ 

on  a  slatted  platform  about  twelve 

to  eighteen  inches  above  the   floor.  .    ,    . 

^,.  M.   ^'^^     t  1-   •       1  •  1     J      Fig.  17. — ^4  desirable  galvanized  iron 

Thispreventshtterfrom  bemg  kicked  ^ater-pan  with  flaring  sides 

into  it.    It  can  be  protected  by  a 

sloping  cover  boxed  in  on  the  sides  and  hinged  on  the  back.    These 

pans  cost  about  twenty-five  cents  each.     A  galvanized  water-pail  can 

be  used  in  the  same  manner. 

Earthenware  water-basins  or  fountains  are  undesirable  for  winter  use 
because  of  the  danger  of  breaking  if  the  water  freezes.  Water-fountains 
with  too  small  openings  for  drinking  are  undesirable  because  so  few 
fowls  or  chicks  can  drink  at  one  time,  and  the  consequent  crowding, 
is  frequently  disastrous,  especially  with  young  chicks. 
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Fio.  1 8. — Two  styles  of  chick  drinking-fountains 


Chick-fountains, — In  Fig.  i8  there  are  illustrated  two  desirable  chick- 
fountains.  The  first  one  (A)  has  a  narrow  drinking  area  around  the 
entire  dish.  This  provides  sufficient  drinking  surface  for  a  large 
number  of  chicks  at  one  time.    The  opening  is  narrow  enough  to  keep 

the  chicks  from  getting  into 
the  water  or  from  being  smoth- 
ered by  those  crowding  from 
behind.  In  filling,  the  upper 
cover  is  lifted  off,  turned  large 
end  up  and  filled.  The  basin 
is  then  placed  over  it  as  a 
cover  and  the  whole  turned 
back  and  placed  on  the  floor. 
Three  holes  in  the  rim  of  the 
cone  just  below  the  top  level  of  the  basin  allow  the  water  to  feed 
down  as  fast  as  it  is  used.  The  cone  must  be  air  tight  so  as  to  keep 
the  water  from  flowing  out  faster  than  needed.  Such  a  fountain  is 
easily  kept  clean  and  can  be  cheaply  constructed.  The  flaring  rim 
just  above  the  basin  helps  to  keep  the  litter  and  dirt  out  of  the  water. 
To  further  aid  in  cleanliness  the  fountain  should  rest  on  bricks  or  a 
block  after  the  chicks  are  a  few  days  old. 

In  Fig.  I  SB  there  is  shown  a  style  better  designed  to  keep  the  chicks 
out  of  the  water,  and  at  the  same  time  to  protect  the  water  from  filth. 
It  is  more  expensive  than  A,  and  must  be  made  with  openings  of  several 
sizes  to  meet  the  needs  of  chickens  of  different  ages.  If  the  openings 
are  too  large  the 
chicks  may  enter  and 
drown;  if  too  small, 
the  chicks  cannot  use 
it  conveniently.  The 
open  view  of  these 
fountains  is  shown 
in  Fig.  19.  The  style 
of  fountain  shown  in 
Fig.  18A  costs  about 
thirty  cents,  whereas 
the  one  in  Fig.  i8B 
costs  about  eighty  cents.     The  former  generally  is  to  be  preferred. 

Piped  supply. — Watering  is  at  best  a  heavy  task,  and  wherever 
possible  either  natural  or  artificial  means  should  be  employed  to  lighten 
the  work.     Fig.  20  shows  how  the  work  of  caring  for  several  hundred 


Fig. 


19. — A  view  showing  the  interior  of  the  chick 
drinking-fountains 
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fowls  was  materially  lightened  by  simply  tapping  a  water  pipe  and 
fitting  to  it  a  cut-off  valve  which  provided  a  small  but  steady  stream 
of  water.  The  fowls  from  the  different  colony-houses  soon  learned  to 
travel  to  this  general  supply. 

PEDIGREE    appliances 

A  frame  for  incubating  pedigree  eggs. — 
When  it  is  desired  to  keep  each  parent's 
progeny  separate  from  the  others  in 
the  same  incubator,  a  special  frame  can 
be  used.  This  rests  directly  on  the  egg- 
tray.  It  should  be  as  tall  as  the  egg- 
chamber  will  allow  in  order  to  give  ^10.  20. ^Wateru^xder  press im^  piped 
^.        -.,       ^,  ■  ^     ^  -111       J         to  centrally  located  places  on   the 

the  chicks    the   greatest  possible  head        ranee 

room.   The  frame  has  light,  galvanized 

iron  sides  and  three  main  partitions  of  the  same  material.  These  are 
held  in  place  by  a  wire  passed  through  and  soldered  at  the  middle  of 
each.  The  main  divisions  are  sub-divided  at  will  by  adjustable  par- 
titions to  accommodate  one  egg  or  a  dozen  or  more.  The  loose  tin 
divisions  used  for  this  purpose  are  held  in  place  by  two  pieces  of  turned 
tin  soldered  close  together.  These  grooves  are  placed  every  inch  along 
the  entire  length  of  the  solid  partitions  and  sides.  Covers  of  a  conven- 
ient size  are  hinged  to  the  sides  and  main  partitions  and  fastened  down 
by  strips  of  wire  which  are  passed  through  small  wire  loops  and  finally 
fastened  to  the  partition  or  to  the  top  of  the  cover.     A  piece  of  glass 

two  inches    by  three  inches 
^  '1  I  in  size  is  fitted  in  the  front 

of  the  tray  to  make  it  possible 
to  read  the  thermometer; 
(Fig.  21). 

The  covers  should  be  made 
of  hardware  cloth  so  as  to 
allow  ventilation.  When  this 
is  done,  there  seems  to  be  no 
bad  result  from  using  solid 
partitions,  as  a  sample  hatch 
shown  in  Fig.  22  will  testify. 
The  frame  shown  in  Fig.  21  is  made  to  fit  a  one  hundred  and  fifty  egg 
Prairie  State  Incubator.  It  is  twenty-four  and  one-quarter  inches  long 
by  eighteen  and  three-quarter  inches  w4de  and  three  and  one-half  inches 
high.    By  having  this  frame  shorter  than  the  egg  tray,  the  thermostat 


Fig.  21. — A  frame  for  incubating  pedigree  eggs 
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is  not  touched.  When  fitted  on  the  egg  tray,  the  latter  is  turned  end 
for  end  so  that  the  small  loose  bottom,  which  is  ordinarily  lifted  for 
the  chicks  to  fall  to  the  nursery,  is  in  the  back.  One  hen's  eggs  can 
be  put  on  this  part  of  the  egg-tray,  if  desired.  This  frame  does  not 
allow  the  chicks  to  drop  into  a  nursery  when  hatched.  The  results 
obtained  from  using  this  tray  would  indicate  that  the  nursery  is  unneces- 
sary except  for  hardening  the  chicks  after  the  hatch  is  over  and  the 
chicks  have  been  leg-banded. 

The  improved  New  York  State  trap-nest. — ^The  College  has  been  ex- 
perimenting with  trap-nests  for  several  years  with  a  view  to  finding 
one  that  would  be  inexpensive  to  install,  easy  to  operate  and,  above 

all,  dependable.  Six  different 
types  of  nests  were  tested.  Three 
were  manufactured  nests  and  the 
other  three  were  inventions  of  the 
College.  One  of  the  latter  devices 
is  here  described.  The  main  object 
is  to  get  a  nest  that  will  be  sure  to 
work,  will  not  catch  more  than  one 
hen  at  a  time,  and  that  will  be  prac- 
ticable to  use  on  a  large  scale.  It 
must  be  inexpensive,  durable,  and 
not  likely  to  get  out  of  order.  Some 
nests  are  good,  but  are  so  large  and 
cumbersome  that  it  does  not  pay 
to  operate  them  or  to  give  them 
the  necessary  room  in  the  poultry  house. 

In  Fig.  23  is  illustrated  the  improved  New  York  State  trap-nest 
which  the  Department  is  using  at  present.*  It  costs  but  little  more 
to  build  than  the  ordinary  nest  boxes  and  can  be  made  single  or  in 
series,  either  under  the  droppings-platform  or  fastened  to  the  wall. 
Fig.  24  shows  the  nest  installed  underneath  the  droppings-platform. 
Fig.  25  shows  it  in  use  on  the  wall.  The  wall  form  is  usually  preferred 
and  has  been  tried  with  and  without  the  hinged  top.  It  would  seem 
that  the  hinged  top  serves  little  purpose  other  than  to  faciUtate  cleaning 
and  replenishing  the  nests  with  straw,  because  the  hens  come  to  the 
front  of  the  nest  after  they  have  laid  and  will  readily  walk  out  when 
the  trap  is  opened. 


Fig.  22. — The  pedigree-frame  tn  use. 
After  a  hatch. 


*  This  nest  was  invented  by  R.  C.  Lawry,  formerly  an  assistant  in  the  Poultry 
Department  at  Cornell  University 
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Elevation. 


pivcir  % 


Qlock  fastened  to 
Tin  far  ho/once^,^. 


T/n  n^oitf^ 


Pig.  23. — WorHng  plans  of  the  improved  New  York  State  trap-nest 

This  nest  is  very  simple  to  operate.  The  fact  that  the  trap  in  front 
is  closed  shows  the  attendant  that  there  is  a  hen  in  the  nest.  Removing 
the  hen  through  the  front  of  the  nest  resets  the  trap.  As  the  trap  is 
made  of  galvanized  iron,  it  does  not  offer  a  very  inviting  place  for  the 
hens  to  perch,  and  so  does  away  almost  entirely  with  the  possibility  of 
more  than  one  hen  entering  the  nest. 

When  the  nests  are  put  under  the  droppings-platform,  the  bottom 
comes  under  the  nest  part  only.  (Fig.  23.)  This  is  to  keep  any  straw 
from  getting  under  the  trap  thus  preventing  it  from  working.  The 
nests  are  btiilt  in  sections  without  top  or  bottom,  and  are  slid  in  under- 
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Fig.  24. — Method  of  filling  a  series  of  traps  uiiderneatli  the  droppings-board 


Pio.  25. — Method  of  fitting  a  series  of  traps  on  the  wail 
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neath  the  trap  parts,  much  on  the  same  principle  as  a  table  drawer 
with  the  bottom  removed.  The  wall  nests  are  placed  on  brackets  or 
are  screwed  to  the  wall  through  the  back  of  the  nests.  The  tops  are 
made  slanting  to  prevent  the  fowls  from  roosting  on  them.  It  has  been 
found  very  satis-    — — , ; : 


.BOW    CuPBO/iRD  C/?TCH 


File 


J  io  acute,  anqic. 
at  ^i"  ^ 


Fj/e  elbow  to 
a  low  If  fa  jf a II 
lower 


Pig.  a6. — The  single  catch  that  locks  the  trap 


factory  to  use  a 
one-half  inch 
mesh  hardware 
cloth  for  the  bot- 
tom of  either  the 
Wall  or  the  drop- 
board  nests.  The 
wire  should  ex- 
tend under  the 
nest  part  only. 
This  makes  a 
self-cleaning, 
sanitary  nest  in 
which  mites  and 
lice  can  be  easily 

fought.  The  successful  operation  of  these  nests  depends  largely  on  the 
catch  shown  in  the  accompanying  cut  (Fig.  26).  The  device  used  is  an 
ordinary  elbow  cupboard  catch  that  should  cost  not  more  than  thirty 
cents  a  dozen,  and  which  need  only  have  the  spring  removed  and  be 
filed  slightly  at  the  points  indicated  before  it  is  ready  for  use.  One 
nest  should  be  provided  for  every  four  or  five  hens. 

It  is  not  recommended  that  trap-nests  be  used  by  the  general  farmer 
or  poultryman,  except  in  special  instances.  Trap-nests,  however,  are 
indispensable  for  investigational  and ,  instructional  purposes,  and  for 

persons  who  desire  to  sell  pedigreed 
stock  and  eggs  for  hatching.  The 
labor  involved  in  collecting  the  eggs 
many  times  a  day,  keeping  the  rec- 
ords of  each  hen,  hatching  with  pedi- 
gree-trays, toe-marking  and  leg-band- 
ing the  chickens,  requires  more  exact- 
ing work  and  close  attention  to  detail 
than  most  poultr5rmen  at  the  present  time  would  care  to  undertake,  even 
though  the  reward  may  be  great  in  the  building  up  of  a  strain  of  heavy 
producers.  For  the  poultryman  or  farmer  who  does  not  care  to  sell  pedi- 
greed stock  but  who  desires  to  increase  the  la}dng  capacity  of  hit  fowls  by 


4^ 


Fig. 


27. — The  different  sizes  of  trap- 
nest  fronts 
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breeding  from  the  most  productive,  the  plan  is  suggested  of  trap-nesting 
the  choicest  pullets  each  year.  From  these,  select  the  most  productive 
pullets  to  be  used  as  breeders  the  following  year,  that  is,  when  they  are 
two  years  old  from  the  shell.  It  has  been  foimd  that  pullets  usually 
sho  early  in  life  their  egg-laying  capacity.  The  pullets  of  the  same 
age  and  variety,  given  similar  care,  that  lay  the  largest  number  of  eggs 
during  the  first  six  months  of  laying,  will  in  most  instances  be  the  most 
prolific  individuals  in  the  flock.  This  method. will  do  away  with  the 
necessity  of  trap-nesting  the  entire  year  and  will  permit  the  record- 
making  to  be  done  diuing  six  months,  October,  November,  December, 
January,  February  and  March,  when  the  time  can  best  be  spared  on  a 
general  or  poidtry  farm. 
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Fig.  28. — The  egg  distribuling-board 


•The  traps  may  be  used  also  to  excellent  advantage  for  a  short  time 
in  the  fall  and  winter  in  selecting,  for  breeding  pens,  prolific  hens  from 
among  the  mature  stock  which  the  year  before,  when  pullets,  were 
trap-nested.  This  selection  is  made  on  the  principle  that  only  the  most 
productive  hens  are  Ukely  to  lay  late  in  the  fall  and  early  winter. 

^There  are  three  sizes  of  traps  (Fig.  27):  Small  for  Hamburgs  and 
small  Leghorns,  medium  for  large  Leghorns,  Minorcas  and  American 
breeds,  and  large  for  Asiatic  and  large  American  and  English  breeds. 
The  dimensions  given  in  Fig.  23  are  for  the  medium  sized, — front  eleven 
inches  wide  by  eight  and  one-half  inches  from  bend  to  top  by  three  and 
one-half  inches  from  bend  to  rear. 

Method  of  marking  eggs. — In  order  to  use  the  egg  distributing-table 
to  the  very  best  advantage,  the  eggs  should  always  be  marked  when 
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Fio.  29. — Thf  egg  distribiUing-table 


they  are  removed  from  the  nests.  A  unifonn  system  of  marking  should 
be  adopted.  The  method  which  we  follow  is  to  place  the  number  of 
the  hen  and  the  number  of  the  pen  on  the  large  end  of  the  egg,  thus: 
^=  hen  number  145  and  pen  number  i.  All  the  eggs  each  day  can 
then  be  arranged 
on  the  distribut- 
ing-table, little 
end  down,  in  the 
order  of  the  pens, 
I.  2.  3»  4»  etc., 
across  the  table, 
and  also  from  left 
to  right  in  the 
order  of  the  leg- 
band  number  of 
the  hens  in  each 
pen,  that  is,  pen 
number   i,    hen 

number  145,  146,  147,  etc.     All  the  numbers  can  then  be  seen  quickly  at 
a  glance  and  may  be  transferred  to  the  records  in  systematic  order. 

An  egg  distributing'table, — Persons  who  are  using  many   trap-nests 
and,  therefore,  have  occasion  to  keep  records  of  the  eggs,  will  find  the 

distributing-table  shown  in  Figs.  28  and  29  a 
great  convenience  in  arranging  the  eggs  in 
systematic  order  for  recording  and  for  placing 
in  pedigree-trays.  This  table  may  be  made 
of  one-inch  or  thicker  lumber  which  will  not 
warp.  It  is  well  to  put  the  top  together  with 
a  glued  and  doweled  joint.  The  top  may  be 
made  by  itself  and  placed  on  an  ordinary 
table  for  support,  or  may  be  made  as  part 
of  a  permanent  table.  A  table  sixty-nine 
inches  by  thirty-seven  inches  is  large  enough 
to  hold  the  eggs  from  eighteen  pens,  contain- 
ing about  fifty  hens  each.  The  table  holds 
thirty-two  eggs  from  each  pen.  If  the  flocks 
contain  more  than  fifty  fowls,  a  longer  table 
must  be  made.  If  more  pens  than  eighteen  are  to  be  recorded,  an  addi- 
tional table  will  be  necessary.  The  table  here  described  cannot  be  made 
wider  without  making  it  inconvenient  to  use,  owing  to  the  difficulty  in 
reaching  across  a  wider  space. 


■  -'^ 
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Fig.  30. — An  egg  collecting- 
pail 
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The  wells  which  receive  the  eggs  should  be  two  inches  apart  from 
center  to  center  and  should  be  bored  one  and  three-eighths  inches  in 
diameter,  one-half  inch  deep.  In  order  to  let  the  small  end  of  the  egg 
rest  firmly  in  the  opening  and  to  make  the  wells  self-cleaning,  they 
should  be  sunk  through  the  rest  of  the  table  top  with  a  seven-eighths 
inch  bit. 

EGG  COLLECTING   APPLIANCES 

Egg-pail. — Many  kinds  of  baskets  or  pails  are  used  for  gathering 
eggs  on  poultry  farms.  Some  of  them  are  not  adequate.  A  pail  serves 
the  purpose  best.  It  is  easiest  to  carry,  and  has  rigid  sides  which  pre- 
vent its  buckling  and  cracking  the  eggs.    To  keep  the  eggs  from  rolling 


Fig.  31. — A  carrying-box  and  a  six-dozen  egg-case  far  private  trade 

across  the  bottom  and  breaking  against  each  other,  a  few  handfuls  of 
bran  or  grain  should  be  used  to  cover  the  bottom.  If  the  bottom  is 
raised  an  inch  or  so,  the  pail  will  rest  more  firmly  on  uneven  places. 

Protection  from  rain  while  outside,  and  from  dirt  while  inside  the 
house,  can  be  provided  by  a  double-hinged  cover.  This  cover  should 
be  curved  down  at  the  hinge,  as  noted  in  Fig.  30,  so  that  rain  or  melting 
snow  will  run  into  the  trough  between  covers  when  the  cover  is  lifted, 
and  then  escape  through  the  outlet  at  each  end  of  this  trough  instead 
of  into  the  pail.  A  twelve-quart  pail  will  hold  about  one  hundred  and 
thirty  eggs  of  the  usual  size  and  should  cost  about  $1.00. 

An  egg  carrying-box. — When  trap-nests  are  used  with  a  large  number 
of  pens,  it  sometimes  is  desirable  to  keep  a  carrying-box  for  each  pen 
(Fig.  31),  which  receives  the  eggs  as  they  are  gathered.     At  night  the 
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carrying-boxes  are  as- 
sembled at  the  egg 
room  and  recorded . 
The  wells  in  the  bot- 
tom of  the  box  are 
the  same  size  as  in  the 
distributing-table  and 
hold  the  eggs  in  an 
upright  position  on  the 
little  end,  where  the 
numbers  can  be  easily 
read.  This  system  is 
indispensable  when 
instruction  is  given  to 
separate  pen. 


Fio.  32. — A  catching-and-carrying-box 
a  large   number  of  students,   each    having  a 


CATCHING    AND   CARRYING   DEVICES 


A  catching-and'tnoving-box. — For  experimental  purposes  and  on  large- 
sized  poultry  farms,  a  catching-and-carrying-box  is  needed.      It  is  of 


BttPOffS, 


f^oloSrMgLrimi' 


Fig.  33. — Detail  of  ccUcking-hook 

special  advantage  when  dusting  fowls  or  catching  and  transferring  pul- 
lets. Such  a  box  should  be  light  and  of  convenient  size.  It  must  be 
well  ventilated  or  the  fowls  may  smother.  A  good  type  is  illustrated 
in  Fig.  32.  One  entire  end  is  built  as  a  door.  This  makes  the  entrance 
large,  and  the  door  when  opened  against  the  wall  serves  to  guide  the 
fowls  into  the  box,  especially  if  it  is  placed  under  the  droppings-plat- 
form or  nests.    If  the  season  permits,  the  fowls  are  most  easily  caught 

by  placing  the  open  end  of  the 
box  outside  the  exit  hole  and 
driving  the  fowls  into  it.  Another 
large  door  in  the  same  or  opposite 
end  of  the  top  makes  it  conve- 
nient to  remove  the  fowls.  The 
sides  and  top  are  covered  with 
three-quarter  inch  mesh  poultry 
wire,  thereby  giving  the  best  pos- 
Pio.  34. — The  end  of  the  catching-hook       fible  ventilation.  Two  rope  handles 
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are  fastened  in  the  top  of  the  end  cross  pieces.  These  cross  pieces  can 
be  greatly  strengthened  by  a  small  strip  of  tin  fastened  around  the  ends. 
The  box  in  Fig.  32  is  three  feet  long,  twenty  inches  "v^dde,  and  eighteen 
inches  high.    It  is  made  of  Ught  seven-eighths  inch  planed  lumber. 

A  catching-hook. — Every  poultry  farm  should  have  several  catching- 
hooks.  They  save  time  in  catching  fowls  and  prevent  much  of  the 
fright  and  injury  which  usually  occurs  on  such  occasions. 

The  catching-hook  here  described  is  an  improvement  of  an  old 
invention.  The  changes  made  are,  first,  that  the  wire  is  so  fortified 
and  braced  that   it  remains   practically  rigid  (Fig.  33),  and,    second, 


^IG.  35. — The  catching-hook  in  use 

that  the  hook  end  is  so  bent  that  it  permits  the  shank  of  the  fowl 
to  be  easily  caught  and  effectively  held  but  without  injury  to  the 
shank  owing  to  the  restricted  entrance  which  prevents  the  shank 
from  being  easily  withdrawn,  and  the  large  aperture  which  gives  free- 
dom of  action  while  the  shank  is  held  (Fig.  34.)  The  shank,  however,  is 
easily  released  by  the  attendant.  The  hook  is  made  from  a  broom  handle 
and  a  six-foot  piece  of  number  ten  steel  wire,  which  can  easily  be  bent 
into  the  proper  shape. 

The  catching-hook  in  actual  use  is  shown  in  Fig.  35.  The  wire  is 
less  conspicuous  than  the  wooden  end  which  attracts  the  fowl's  atten- 
tion while  the  hook  catches  the  shank.  The  fowl  is  then  gently  drawn 
from  the  flock  and  the  foot  released. 
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A  chick  moving-box. — There  is  always  need  of  some  kind  of  box  or 
basket  for  carrying  chicks  from  the  incubator  to  the  brooder.  Any 
handy  basket  is  brought  into  service  at  such  a  time.  A  burlap  sack 
is  put  into  the  bottom  and  another  thrown  over  the  chicks. 

In  Fig.  36  there  is  shown  a  more 
convenient  and  safe  method  of  tran- 
sporting chicks.  It  can  be  made  of 
an  ordinary  shallow  box  built  of 
light  weight  material.  A  frame  is 
made  to  fit  over  the  top  and  is 
covered  with  felt.  Several  holes  are 
bored  in  the  sides  of  the  box  to 
insure  plenty  of  air  for  the  chicks.  The  most  convenient  box  is  about 
fifteen  inches  wide,  twenty-four  inches  long,  and  four  inches  high» 
and  will  hold  about  seventy-five  baby  chicks  of  common  varieties. 


Fio.  36. — A  box  for  moving  chicks  from 
the  incubator  to  the  brooder 


SHIPPING    PACKAGES 

Chick  shipping-boxes, — The  growth  of  the  day-old  chick  industry 
demands  that  more  attention  be  given  to  the  methods  of  shipping.  The 
careless  shipper  can  very  easily  pack  chicks  in  boxes  which  will  either 
suffocate  or  allow  them  to  be  chilled. 

In  Fig.  37  there  is  illustrated  a  light  four-compartment  box.  Each 
chamber  is  twelve  inches  wide  by  twelve  inches  long  by  four  inches 
high.  It  is  made  of  three-eighths  inch  lumber  and  has  a  solid  bottom. 
An  inch  of  cut  straw  is  put  on  the  bottom,  twenty rfive  chicks  put  into 
each  chamber,  and  the  entire  box  covered  with  burlap.     A  one-half 

inch  hole  in  two  sides  of  each  com- 
partment and  the  porous  burlap 
cover  allow  enough  ventilation  for 
the  chicks  and  at  the  same  time  pre- 
vent too  great  circulation  that  would 
cool  and  chill  them. 

A  combination-craie  for  shipping 
eggs  and  dressed  poultry, — There  is  a 
growing  demand  for  wholesome,  fresh 
eggs,  and  for  a  better  quality  of  prop- 
erly fattened  poultry  than  is  to  be 
Coupled  with  the  desire  for  better 
poultry  products  is  a  belief  that  these  articles  can  be  secured  most 
satisfactorily  directly  from  the  producer.  A  good  business  opening,  there- 
fore, is  presented  for  poultrymen  who  desire  to  cater  to  one  of  the  best 


Fig.  37. — A  box  for  skipping  day-old 
chicks 

found   regularly  in  the  market. 
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paying  and  most  satisfactory  markets, 
the  private  family  trade.  One  of  the 
difficulties  in  supplying  this  trade  has 
been  to  secure  a  strong,  attractive, 
serviceable  crate  that  would  carry 
dressed  poultry  with  safety  during  hot 
weather.  The  advantage  of  a  crate 
that  can  be  used  for  both  eggs  and 
dressed  poultry,  or  for  either  poultry 
or  eggs  alone,  is  apparent.  The  pro- 
ducer is  enabled  to  supply  each  cus- 
tomer with  both  poultry  and  eggs  in- 
stead of  either  one  alone.  It  is  of 
equal  advantage  to  the  consumer  to  be 
able  to  secure  his  or  her  poultry  and 
eggs  directly  from  the  farm. 

The  type  of  crate  shown  in  Figs.  38, 
39,  40  and  41,  has  been  used  for  sev- 
eral years  to  ship  during  the  hot  summer  months  both  eggs  and  dressed 
poultry  several  hundred  miles  by  two  express  companies.  Both  eggs  and 
dressed  poultry  have  been  carried  in  the  same  crate  in  perfect  condition. 
The  crate  may  be  made  of  three-eighths  inch  Georgia  pine  ceiling 
finished  in  the  natural  wood,  which  makes  an  attractive  appearance. 
The  Georgia  pine,  however,  splits  easily 
and  the  crates  will  not  prove  so  dur- 
able as  if  made  of  white- wood.  They 
are  of  the  same  size  and  shape  as  the 
common  thirty-dozen  commercial  egg- 
cases.  Infactf 
if  care  is  used 
in  selecting 


Fio.  38. — The  combination  crate 
ready  to  close  for  shipment,  A 
straw'board  filler  partition  is 
placed  over  the  eggs  before  closing 


Fig.  39. — The  combination  crate  filled  unth  eggs  and  dressed  poultry;  also  the  parth 

of  the  refrigerator-can 
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Fig.  40. — The  refrigerator-can 
for  the  combination  crate 


the  best,  the  ends,  the  partitions  and  the  bottom  of  the  latter  may 

be  used  simply  by  replacing  the  sides  with  Georgia  pine  or  white-wood. 
The  refrigerator-can  is  made  of  No.  26  galvanized  iron,  and  fits  into 

either  compartment  of  a  thirty-dozen  case.     It  is,  therefore,  eleven 

and  one-fourth  inches  square  outside  meas-  ^     ^ 

ure,  and  twelve  inches  high,  with  a  cover  -  - 

that  fits  tightly  inside  with  a  flange  as  on  a 

dinner  pail  cover.    A  false  bottom  of  one- 
fourth  inch  mesh  wire  cloth ,  one  and  one-half 

inches  from  the  floor,  provides  drainage  and 

prevents   the    poultry  from   resting  in  the 

water  formed  by  the  melting  ice  (Figs.  39 

and  41).     A  removable  partition  of  heavy 

galvanized  iron    fits   into  the   slots  on  the 

inside    of    the    refrigerator-can    to  form  a 

compartment  three  inches  wide,  which  holds 

the  ice.     The  refrigerator-can   holds  about 

twenty-five  pounds  of  dressed  poultry  and 

about  six  to  eight  pounds  of  cracked  ice.    Poultry  should  be  thoroughly 

chilled  before  packing. 

Each  crate  should  be  neatly  stenciled,  giving  the  name  of  the  farm 

and  the  owner,  the  shipping 
station  and  the  contents.  This 
makes  the  crate  more  attract- 
ive, advertises  the  farm,  and 
insures  safer  handling  and  re- 
turn of  the  crate.  A  small 
padlock  adds  to  the  attractive- 
ness and  also  to  the  safety  of 
the  package.  The  cost  of  the 
completed  crate  is  about  $2.25. 
For  shipping  eggs  alone,  to 
private  customers,  smaller 
crates  may  be  made,  holding 
multiples  of  three  dozen  each, 
that  is,  three,  six,  nine,  twelve, 
fifteen   dozen,   etc.    (Fig.  31). 

Common  three-dozen  pasteboard   fillers  are  used.    The  cost  complete 

should  not  exceed   fifty   or   seventy-five    cents    each    for   the  smaller 

sized  crates. 


Fig.  41. —  View  inside  the  refrigerator-can 
showing  the  ice-cliamher  and  the  false  bot- 
tom for  drainage 
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MISCBLLANBOUS  APPLIANXBS  AND  DBVXCBS 

Coops  for  seUing'hens.— It  very  often  happens  when  several  hens  are 
set  in  open  boxes  in  the  same  enclosure,  that  when  joff  ''their  nests  the 
hens  will  fight  or  try  to  return  to  other  nests  than  their  own,  thereby 
breaking  and  chilling  the  eggs.  In  order  to  keep  the  hens  to  their 
respective  nests  it  is  well  to  have  special  coops  constructed  on  the  prin- 
ciple shown  in  Fig.  42. 

In  this  instance,  two  tiers  of  coops 
are  used,  the  lower  tier  being  ex- 
tended a  few  inches  out  from  the 
upper  to  allow  the  sliding  doors  to 
be  raised  without  colliding  with  the 
feed  cups  or  the  door  to  the  coop 
above.  The  top  of  the  lower  tier  is 
made  solid  to  serve  as  a  floor  to  the 
upper  tier.  The  cover  to  the  upper 
section  is  not  necessarily  solid.  Each 
coop  is  two  feet  wide,  two  feet  six 
inches  deep  and  two  feet  four  inches 
high.  This  size  allows  the  placing  of 
a  large  movable  nest-box  inside  this 
enclosure,  still  leaving  room  for  the 
hen  to  get  off  her  nest  for  feeding. 
The  doors  in  front  can  be  raised  oc- 
casionally to  allow  the  hens  to  go  on 
the  floor  below  to  exercise  and  to  use 
the  dust-wallow. 

The  nest-box  should  be  eighteen 
inches  by  fourteen  inches  by  twelve 
inches  high  in  order  to  insure  sufficient 
room  for  the  hen  to  turn  about  and 
to  allow  sod  to  be  placed  in  the  bot- 
tom, and  when  covered  with  straw  to  have  sufficient  depth  to  prevent 
the  escape  of  the  chickens. 

Fattening'Coops. — In  order  to  get  young  or  old  fowls  into  the  best 
condition  for  the  market  or  for  the  table,  it  is  necessary  to  fatten  them 
for  two  or  three  weeks  on  special  foods  and  to  keep  them  in  confinement. 
This  requires  specially  constructed  coops.  When  much  fattening  is  to  be 
done,  two,  three  or  four  tiers  of  coops  can  be  used.  Fig.  43  shows  two 
tiers  of  coops  of  different  styles.  The  coops  are  all  three  feet  wide  in 
front,  two  feet  deep  and  two  feet  high.    Each  will  hold  ten  to  twelve 


Fig.  42. — A  series  of  coops  for  setting 
hens 
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medium  sized  fowls.  The  slats  in  front  are  placed  vertically,  two  inches 
apart,  to  allow  the  fowls  to  do  all  their  feeding  from  troughs  on  the 
front  of  the  coop.  These  troughs  are  made  from  galvanized  eaves-trough, 
cut  in  sections  three  feet  long,  with  ends  closed.  They  rest  on  supports 
of  grooved  wood  or  ordinary  eaves-trough  hangers. 

The  upper  coop  has  a  door  eight  inches  wide  by  sixteen  inches  high, 
which  hangs  in  sen  opening  eight  and  one-half  inches  wide  and  twenty 
inches  high.  The  door  hangs  like  a 
pendulum  from  a  heavy  wire  fastened 
on  both  sides  of  the  opening  near  the 
top.  A  cleat  on  the  inside  near  the 
bottom  prevents  the  fowls  from  push- 
ing the  door  outward,  but  allows  the 
attendant  to  push  it  inward.*  The 
bottom  of  this  coop  is  made  of  seven- 
eighths  inch  slats  one  inch  wide  on 
top  and  three-fourths  of  an  inch  wide 
on  the  lower  side.  These  slats  are 
placed  one  inch  apart  to  allow  the 
droppings  to  work  through.  The  shape 
of  the  slats  helps  to  keep  the  spaces 
from  being  clogged.  The  droppings 
accumulate  on  a  platform  below.  The 
platform  is  nine  inches  lower  to  make 
cleaning  easy. 

The  lower  coop  differs  from  the 
one  above  in  several  respects.  The 
door  is  hinged  at  one  side  with  spring 
hinges.  The  bottom  is  made  of  one- 
half  inch  mesh  hardware  cloth.  The 
droppings  are  caught  in  a  galvanized 
tin  pan  beneath  the  floor,  requiring 
only  three  inches  of  cleaning  space,  f 

In  cleaning,  the  pans  are  withdrawn  and  emptied.  Before  replacing 
them,  ashes  or  land  plaster  is  sprinkled  over  the  entire  bottom  of  the 
pans.  This  absorbs  the  liquid  excrement  and  makes  the  next  cleaning 
much  easier.  We  prefer  the  coop  with  the  hardware  cloth  bottom 
and  the  pan  beneath. 


Pig.  43. — A  series  of  fattening-crates, 
showing  several  types  of  construction 


♦  This  door  was  designed  by  Fred  Skinner,  Greene,  N.  Y. 

tThis  wire  bottom  and  pan  is  in  common  use  in  the  West,  and  was  suggested 
by  Dr.  E.  Pennington,  U.  S.  Department  of  Agriculture. 
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A  rack  far  sprouting  oats. — There  is  illustrated  in  Pig.  44  a  simple 
skeleton  rack  with  trays  used  for  sprouting  oats.  In  its  construction, 
four  two-inch  by  four-inch  sticks  six  feet  long  are  used  for  comer  posts. 
These  are  fastened  together  in  pairs  by  horizontal  cleats,  with  their 
top  edges  ten  inches  apart.  The  two-inch  by  four-inch  pieces  are  two 
feet  six  inches  apart  by  outside  measurement.  The  two  pairs  of  cleated 
stakes  are  fastened  together  exactly  two  feet  six  inches  apart  by  inside 
measurement,  with  the  cleats  on  the  insido.    A  diagonal  brace  is  nailed 

at  the  back  of  the  frame.  The  cleats 
serve  as  slides  and  supports  for  the 
shelves.  The  shelves  are  exactly  two 
feet  six  inches  square  and  two  inches 
deep.  The  bottom  is  made  solid  ex- 
cept for  a  few  holes  to  allow  for 
drainage. 

Inasmuch  as  the  practice  of  feeding 
sprouted  grain  is  not  generally  under- 
stood and  the  method  of  sprouting 
may  not  be  known,  a  brief  discussion  of 
the  subject  is  injected  at  this  point. 

The  operation  of  sprouting  grain  as 
a  green  food  requires  considerable  ex- 
pense for  labor.  Sprouted  grain,  how- 
ever, appears  to  have  some  advan- 
tages over  other  forms  of  green  food, 
which  justifies  the  expense.  This  is 
particularly  true  in  the  feeding  of 
young  chickens  during  the  season 
when  they  cannot  have  access  to  the 
ground  and  of  mature  stock  during 
the  breeding  season. 
One  of  the  difficulties  which  has  been  experienced  in  the  feeding  of 
sprouted  grain  is  the  development  of  molds.  In  order  to  kill  smut  or 
mold  spores,  it  is  recommended  that  the  grain  used  for  sprouting  be 
treated  with  formalin.  To  do  this,  a  large  quantity  of  grain  should 
be  treated  at  one  time  in  order  to  save  expense.  One  pint  of  formalin 
added  to  thirty  gallons  of  water  will  treat  thirty  bushels  of  oats.  The 
liquid  should  be  sprinkled  over  the  grain,  and  thoroughly  mixed  with 
it.     Success  will  depend  largely  on  the  thoroughness  of  the  mixing. 

♦  Adapted  from  an  oat-sprouting  device  in  use  at  the  Maine  Experiment  Station 
Poultry  Plant. 


Fig.  44. — A  rack  for  sprouting  oats* 
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Fig.  45. — The  oil  barrel  in  position 


The  pile  of  wet  grain  should  then  be  covered  with  blankets  and  allowed 
to  remain  for  twelve  hours.  The  blankets  should  be  removed  and  the 
grain  stirred  twice  a  day,  imtil  dry,  requiring  usually  about  two  days. 
It  should  then  be  bagged 
in  sacks  which  have  been 
sprayed  with  a  formalin  mix- 
ture of  the  same  strength 
as  used  in  treating  the  oats. 
The  grain  can  then  be  used 
as  desired  for  sprouting.  The 
trays  should  be  sprayed 
thoroughly  with  the  forma- 
lin mixture  each  time  they 
are  used. 

For  sprouting,  soak  in 
warm  water  one  ten-quart 
pail  full  of  oats  for  twenty-four  hours.  Pour  this  grain  on  a  tray.  It 
will  fill  the  tray  level  full.  Sprinkle  each  trayful  of  grain  with  warm 
water  each  morning.     The   grain  must    be   kept    damp  all    the  way 

through  the  mass  if  it  is  to  sprout 
uniformly.  The  time  required  for 
the  grain  to  sprout  and  grow  will 
depend  largely  upon  the  temper- 
ature of  the  room,  which,  ordi- 
narily, should  be  kept  at  sixty 
to  seventy  degrees  Fahrenheit,  or 
warmer.  In  a  room  not  artific- 
ially heated,  during  the  spring 
of  the  year,  in  this  state,  about 
seven  to  ten  days  are  required 
to  sprout  the  grain  and  grow  the 
leaf  about  three  inches  high.  By 
this  time  the  sprouted  grain  will 
have  formed  a  solid  mat  of  roots, 
which  can  be  removed  from  the 
tray  and  fed  in  the  proportion 
of  about  one  square  inch  per 
hen  per  day,  or  as  much  as  will 
be  eaten  up  clean. 

A  method  of  conveying  kerosene  oil  to  the  incubator  cellar. — There  is 
considerable  labor  involved  in  carrying  oil  in  a  five-gallon  can  from 


Fig.    46. — The  interior  arrangement  for 
drawing  the  ail 
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a  barrel  outdoors  to  the  incubator  cellar  when  many  incubators  are 
operated.  To  obviate  this  labor,  the  device  shown  in  Figs.  45  and  46 
has  proved  very  satisfactory.  The  oil  barrel  is  placed  on  the  north 
side  of  the  building  where  it  will  be  out  of  the  sunlight,  and  is  mounted 
on  a  low,  wooden  frame  which  permits  the  barrel  to  be  rolled  easily 
into  place.  A  one-half  inch  pipe  about  one  foot  long,  taper  threaded, 
is  screwed  into  the  spigot  opening  in  the  barrel.  This  pipe  is  connected 
by  a  piece  of  rubber  hose  of  similar  size  which  is  attached  to  a  one- 
half  inch  pipe  leading  under  the  sill  into  the  incubator  cellar.  At  a 
convenient  height,  three  one-quarter  inch  faucets  are  attached  f^ 
enough  apart  on  a  horizontal  arm  so  that  three  persons  can  fill  lamps 
at  the  same  time.     Underneath  the  faucets  is  a  drip  pan  to  prevent 

waste.  The  pan  is  placed  on 
a  slight  incline  and  fitted 
with  a  drain  cock  for  removal 
of  the  oil  which  acciunulates. 
A  burglar  alarm  system, — 
Improper  protection  from 
thieves  is  a  serious  handicap 
to  many  poultrymen.  Dogs 
and  shot  guns  help,  but  are 
not  so  effective  safeguards 
against  stealing  as  alarms. 

One  of  the  most  econom- 
ical and  satisfactory  burglar 
alarms  is  a  double-circuit 
electric  system.  It  is  so  arranged  that  when  a  wire  is  cut  or  a  door 
opened  the  alarm  is  given.  This  is  made  possible  by  using  two  com- 
plete circuits,  the  bell  circuit  and  the  house  ciraiit,  connected  by  a 
*'  Standard  Pony  Relay  "  of  five  ohms  resistance.  (Pig.  47.)  The  bell 
circuit  is  a  short  one.  One  or  more  dry  batteries  are  used  to  supply 
the  current  in  this  circuit,  since  the  current  is  used  only  while  the  bell 
rings.  A  series  of  crowfoot  batteries  are  used  in  the  house  circuit, 
since  a  continuous  current  is  needed.  It  requires  about  four  batteries 
to  get  a  proper  current  through  one  thousand  feet  of  wire  with  twenty- 
five  plug  connections.  • 

In  Fig.  48  there  is  shown  the  wiring  of  these  two.  circuits.  The  house 
circuit  passes  through  the  batteries,  through  the  magnet  of  the  relay, 
thence  back  and  through  the  house.  The  bell  circuit  goes  from  the 
bell  through  the  dry  battery  to  the  upper  poles  of  the  relay  and  back 
to  the  bell.    At  some  convenient  place  in  both  circuits  there  should  be 


Fig.  47. — "  The  Standard  Pony  Relay  "  of  five 
ohms  resistance 
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Fig.  48. — The  method  of  wiring  the 

two  circuits  with  the  Pony  Relay. 

The  broken  circuit    is    the  house 
circuit 


cut-off  switches  which  make  it  possible  to  open  either  of  the  circuits 
when  desired.  The  illustration  does  not  show  these  cut-offs.  The 
relay  has  a  central  standard  with  one  live  and  one  dead  pole.  Extend- 
ing up  between  these  poles  is  a  flat  bar  hinged  at  the  bottom  and  having 
a  spring  attachment  on  one  side  and 
two  flat  discs  spreading  over  the 
heads  of  the  magnets  on'  the  bther. 
The  bell  circuit  passes  through  this 
standard  and  hinged  bar.  The  house 
circuit  passes  through  the  magnets. 
(Fig.  47) 

When  the  house  circuit  is  closed, 
the  magnets  pull  the  hinged  bar 
against  the  dead  pole  of  the  standard. 
This  prevents  a  current  passing 
through  the  bell  circuit.  As  soon  as 
the  house  circuit  is  opened  by  a 
wire  being  cut  or  a  door  opened, 
the   magnets    are  nullified    and   the 

spring  pulls  the  upright  bar  over  against  the  live  pole  of  the  standard, 
thereby  closing  the  bell  circuit  and  causing  an  alarm.  The  spring  on 
the  relay  should  be  adjusted  so  that  it  will- just  pull  the  bar  over  when 
released  from  the  magnets.  Otherwise,  if  the  spring  is  too  stiff  the 
magnets  will  not  hold  the  bar.  The  circuit  through  the  house,  or  from 
house  to  house,  must  be  continuous  without  branching. 

A  make-and-break  plug  similar  to  the  one  illustrated  in  Fig.  49  should 
be  fitted  into  the  door  panel  behind  the  edge  of  the  door  so  that  when 

the  door  is  closed  the  spring  plug  will  be  pushed 
in  and  the  circuit  made.  When  the  door  is 
opened,  the  spring  forces  the  plug  out  and 
breaks  the  circuit.  Plugs  can  be  used  behind 
swinging  wihdows  in  the  same  way.  This, 
however,  necessitates  closing  the  window  at 
night,  which  is  objectionable,  especially  in 
warm  weather.  The  open  windows  can  be  pro- 
tected by  passing  the  insulated  wires  back 
and  forth  across  and  weaving  them  through  the 
wire  mesh  screen.  These  wires  should  be  close  enough  together  so  that 
a  thief  cutting  through  the  window  screen  would  cut  one  of  these  wires, 
thus  breaking  the  current  and  giving  the  alarm.  All  of  the  inside 
work  should  be  done  with  a  medium  grade  of  enunciator  office  wire. 


Fig.  49. — The  make-and- 
break  door  plug 
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Fig  51. — The  can  for 
catching  the  blood 


The  \vire  used  on  the  outside  of  the  house  should  be  well-insulated 
telephone  wire.  Galvanized  telephone  wire  properly  insulated  wherever 
it  is  attached  can  also  be  used.  The  wires  should  be  carefully  scraped 
before  the  connections  are  made  and  for  best  results  each  con- 
nection should  be  covered  with  solder  or  wound 
with  black  tape. 
Cost  of  materials: 

I  "  Standard  Pony  Relay  "  of  five  ohms  resistance . .  $3 .00 

Door  plugs  (each) 25 

Dry  cells  (each) 25 

Crowfoot  batteries  (each) i .  10 

Office  wire  per  100  feet 67 

Insulated  wire  per  100  feet i .  73 

The  Cornell  improved  killing'and'picking-box. — 
The  device  shown  in  Figures  50  and  51  is  an  eco- 
nomical aid  in  the  killing  of  poultry.  It  is  adapt- 
able: to  either  wet  or  dry  picking.    It  is  always  ready 

for  use.  Both  hands  can  be  employed  in  pick- 
ing and  the  fowl's  body  neither  bruised  nor 
soiled.  Ihe  operation  is  clean  and  does  not 
necessitate  cleaning  up  after  each  killing. 
A  loose  wire-basket,  fitting  inside  the  box, 
gathers  the  fine  feathers.  As  one  basket  is 
filled,  its  place  can  be  taken  by  another, 
while  the  full  one  is  hung  up  for  the  feathers 
to  dry.  The  coarse  feathers  are  thrown  into 
a  small  box  hanging  at  one  side.  A  water 
cup  can  be  suspended  at  one  side  for  wetting 
the  fingers.  A  pulley  and  cord  with  weight 
at  one  end  and  wire  foot-loops  at  the  other 
are  suspended  from  the  standard.  The  fowl's 
legs  are  caught  in  the  loops,  the  bird 
stuck  and  bled,  and  its  lower  jaw  hooked 
onto  the  prong  of  the  blood-can,  which  hangs 
on  the  inside  of  the  picking-box,  opposite 
the  standard.  A  drygoods  box,  mounted  on 
short  legs,  with  a  pulley  and  rope  attached 
to  the  ceiling  of  the  room,  a  paint  pail  to 
catch  the  blood  suspended  on  a  sharpened  hook ,  attached  to  the 
box  for  holding  the  head,  provide  an  inexpensive  and  serviceable 
picking-box. 


^1 

m 

Fig.  50. — The  Cornell  im- 
proved killing-and' pick- 
ing-box 
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THE  CAUSE  OF  "APOPLEXY"  IN  WINTER.FED  LAMBS 

PRELIMINARY  REPORT 

In  western  New  York,  particularly  in  Genesee  and  Wyoming  counties, 
thousands  of  lambs  are  fed  each  year  for  the  winter  market.  The  indus- 
try of  winter  feeding  has  come  in  to  enable  the  farmers  of  this  region 
to  market  the  roughage  from  their  farms  to  good  advantage  and  at  the 
same  time  to  secure  fertilizer  for  their  farms. 

The  lambs  are  bought  largely  in  Buffalo  or  Chicago,  fed  for  a  period 
of  three  and  one-half  to  four  months  on  a  highly  fattening  ration,  and 
when  fat  are  shipped  back  to  Buffalo  to  be  slaughtered.  Two  crops 
of  lambs  are  fed  each  year.  The  first  lot  is  bought  about  November 
ist  and  is  marketed  in  February.  They  weigh  about  60  potmds  at 
purchase.  It  is  considered  that  the  greatest  profit  is  realized  when 
they  are  marketed  in  90  to  120  da)rs  at  a  weight  of  80  to  85  pounds. 
If  the  feeders  are  able  to  dispose  of  their  first  crop  early  in  February, 
they  usually  get  another  lot  to  be  finished  as  early  as  possible  up  to 
the  ist  of  June.  The  feeders  utilize  the  hay  from  their  farms,  alfalfa, 
clover  or  timothy,  together  with  bean  fodder,  if  they  have  it,  and  mill 
feeds,  with  a  relatively  large  part  of  the  rations  made  up  of  com  and 
linseed  oil  meal.  Usually  the  com  is  fed  whole  and  the  oil  meal  pre- 
ferably in  the  form  of  the  oil  cake  broken  up  into  pieces  a  little  larger 
than  peas. 

For  several  years,  farmers  near  Batavia,  N.  Y.,  have  been  troubled 
with  a  disease  resembling  apoplexy  as  it  occurs  in  the  human  family. 
In  some  cases  the  losses  have  amounted  to  a  large  percentage  of  the 
flock.  Tli^  trouble  appears  suddenly  and  does  its  work  quicldy.  It  is 
sometimes  accompanied  by  paralysis.  It  nearly  always  proves  fatal, 
only  about  one  or  two  percent  of  those  afflicted  ever  having  been  known 
to  recover.  The  disease  seems  to  occur  only  where  lambs  are  being 
fed  heavily  and  it- then  attacks  the  strongest  and  most  vigorous.  Lambs 
will  be  feeding  nicely  and  all  will  seem  perfectly  well  at  12  o'clock  M., 
and  when  the  feeder  returns  at  4:00  or  5.00  P.  M.  one  or  two  of  the  best 
lambs  will  be  found  dead,  appearing  to  have  died  without  a  struggle. 

While  this  disease  has  been  prevalent  for  some  years,  its  exact  cause 
has  not  yet  been  determined.  Two  opinions  have  been  set  forward: 
first,  that  the  disease  is  caused  by  feeding  an  excess  of  protein  in  the 
ration;  second,  that  the  disease  is  caused  by  over-feeding 
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To  get  light  on  the  question,  some  of  the  progressive  feeders  in  the 
vicinity  of  Batavia  called  upon  the  Department  of  Animal  Husbandry 
at  the  Cornell  University  Experiment  Station  for  aid.  A  co-operative 
experiment  was  arranged  to  be  carried  out  on  the  farm  of  C.  E.  Shepard 
near  Batavia.  It  was  considered  better  to  conduct  the  experiment  in 
the  feeding  section  than  at  Ithaca  where  the  conditions  of  environ- 
ment and  care  might  not  be  so  favorable  for  success. 

PURPOSE  OF  THE   EXPERIMENT 

The  purpose  of  the  experiment  was  twofold: 
(i)  To  ascertain  the  cause  of  apoplexy  in  lambs; 
(2)  To  determine  the  relative  cost  of  gain  in  weight  with  narrow 
and  with  wide  rations. 


Fig.  52. — Single  feed  rack.    Pen  No.  i 


PLAN  OF  THE  EXPERIMENT 


In  the  experiment,  feeding  lambs  bought  on  the  market  in  the  usual 
way  were  used.  They  were  divided  into  three  pens.  The  pens  received 
rations  varying  from  narrow  to  wide  in  nutritive  ratio  and  also  vary- 
ing in  bulk.  The  ration  for  Pen  No.  i  consisted  of  alfalfa  hay,  bean 
fodder,  com,  wheat  salvage  and  oil  meal.  The  ration  for  Pen  No.  2 
consisted  of  alfalfa  hay,  com,  wheat  salvage  and  ajax  flakes  (distiller's 
dried  grains).  The  ration  for  Pen  No.  3  contained  timothy  hay,  com 
and  wheat  salvage.  It  was  planned  to  have  the  pens  full,  with  just 
enough  rack  space  for  the  lambs  in  the  pen  so  that  each  lamb  would 
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get  only  his  share  of  the  feed  when  the  feed  was  evenly  divided  in  the 
rack.  Much  care  was  to  be  taken  that  the*  feed  should  be  evenly  divided 
in  the  rack  at  each  feeding  time.  Later  in  the  experiment,  as  will  be 
shown  in  the  detailed  account,  it  was  planned  to  remove  enough  lambs 
from  each  pen  to  leave  an  excess  of  rack  room,  to  determine  the  effect 
when  a  lamb  had  an  opportunity  to  eat  a  double  ration.  In  this  way 
it  was  hoped  to  discover,  first,  the  effect  of  the  varying  rations,  and, 
second,  the  effect  of  over-feeding  by  allowing  excess  rack  space,  so 
that  a  lamb  might  get  an  excessive  amount  of  food. 

the  lambs 

The  lambs  on  which  the  experiment  was  made  were  mostly  Michigan 
lambs  bought  in  BufiEalo,  November  4th,  1909.  Most  of  them  were  not 
large  framed  but  were  what  is  popularly  called  "pony  build."  If  they 
had  been  larger  framed,  it  is  thought  they  would  have  eaten  more 
grain  and  have  made  more  gain. 

the  experiment:    feeding  and  management 

All  through  the  experiment,  the  general  conditions  as  to  ventilation, 
light,  temperature,  and  free  access  to  clean  salt  and  water,  were  the 
same  for  all  pens.  From  the  time  the  lambs  arrived  at  the  farm  they 
were  fed  only  hay  until  about  November  isth,  at  which  time  they 
were  started  on  a  mixture  of  equal  parts  by  measure  of  com,  oats  and 
wheat  bran. 

On  December  ist,  the  lambs  were  placed  in  their  respective  pens 
and  given  their  special  rations,  but  were  not  weighed  as  it  was  desired 
that  all  get  fully  accustomed  to  their  special  rations  before  weighing. 
Pen.  No.  I  contained  twenty-five  lambs,  given  a  ration  of  alfalfa  hay 
in  the  morning  and  bean  fodder  at  night,  together  with  a  grain  mixture 
of  30  lbs.  corn,  30  lbs.  wheat  salvage,  15  lbs.  oil  meal,  the  ration  having  a 
nutritive  ratio  of  about  i  to  5.  Pen  No.  2  contained  fifty  lambs,  twenty- 
five  lambs  eating  from  each  side  of  a  double  rack  about  twenty-five 
feet  long.  The  ration  was  made  up  of  alfalfa  hay  both  morning  and 
night,  with  a  grain  mixture  of  25  lbs.  com,  20  lbs.  wheat  salvage,  30 
lbs.  ajax  flakes,  having  a  nutritive  ratio  of  about  i  to  6.  Pen  No.  3  con- 
tained fifty  lambs  divided  the  same  as  No.  2  by  double  rack,  and  the 
ration  was  40  lbs.  timothy  hay  in  the  morning  and  35  lbs.  bean  fodder  at 
night,  with  a  grain  mixture  of  40  lbs.  com  and  35  lbs.  wheat  salvage, 
having  a  nutritive  ratio  of  about  i  to  8. 

On  December  ist,  all  three  pens  were  consuming  J  lb.  of  grain  in 
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two  feeds  and  about  if  lbs.  of  fodder  per  day  per  head.  Care  was  taken 
to  have  the  grain  evenly  distributed  through  the  racks.  As  the  amount 
of  grain  was  increased,  the  fodder  was  diminished  until  it  reached  65 
lbs.  for  fifty  lambs  per  day,  or  1.3  lbs.  per  head,  after  which  the  amount 
of  fodder  was  not  changed  throughout  the  remainder  of  the  experiment. 
The  lambs  were  purposely  very  closely  confined  as  to  rack  space  from 
the  first.  In  fact,  during  the  last  three  weeks,  it  was  necessary  to  get 
into  the  pens  several  times  and  part  two  lambs  to  make  room  for  the 
last  one  in  the  pen  to  find  his  place. 

On  December  7th  the  lambs  were  weighed.  Pen  No.  i  averaged 
69.6  lbs.;  Pen  No.  2,  65.8  lbs.;  Pen  No.  3,  66.2  lbs. 

On  December  2Sth  the  lambs  were  eating  one  pound  of  grain  per 
head  per  day.    The  increase  in  grain  was  made  very  slowly  and  care- 


FiG.   53. — Double  feed  rack.     Pens  No,  2  and  Np^  J 


fully,  so  as  not  to  cause  any  trouble  in  digestion.  On  January  15th 
they  were  eating  ij  lbs.  of  grain  per  lamb  per  day.  Up  to  this  time, 
each  lamb  in  the  experiment  had  taken  the  same  amount  of  grain  by 
weight  per  day,  so  that  the  diflFerent  pens  were  kept  on  the  same  amount 
by  weight  without  regard  to  bulk.  But  after  three  feedings  of  the  last 
increase,  Pen.  No.  3  went  off  feed,  four  or  five  lambs  not  eating  grain 
at  all  and  others  eating  daintily.  One-half  of  the  grain  feed  was  imme- 
diately taken  away  from  this  pen  and  they  were  slowly  brought  toward 
a  full  feed  again,  but  did  not  reach  the  full  amount  as  some  constantly 
went  off  feed. 
•In  this  stage  of  the  experiment,  each  lamb  was  eating  the  following 


Digitized  by  VjOOQIC 


The  Cause  op  ''Apoplexy  "  in  Winter-Fed  Lambs  43 

amount  in  bulk  per  day:  Pen  No.  i,  i  quart  of  grain;  Pen  No.  a,  i J 
quarts  of  grain;  Pen  No.  3,  i}  pints  of  grain.  Because  the  ajax  flakes 
in  ration  No.  2  made  so  bulky  a  feed,  it  was  thought  best  to  substitute 
for  five  pounds  of  ajax  flakes  five  pounds  of  com.  Also,  because  of 
the  laxative  effect  of  so  much  oil  meal  in  ration  No.  i,  three  pounds 
of  com  was  substituted  for  three  pounds  of  oil  meal. 

At  this  time,  one  lamb  was  lost  by  apoplexy  in  Pen  No.  3  when  the 
pen  was  receiving  less  feed  than  previously,  eating  9  lbs.  less  grain 
per  day  than  the  fifty  head  in  No.  2.  The  cause  of  the  death  of  this 
one  was  over-eating  while  some  of  the  others  were  daintily  eating,  the 
result  being  the  same  as  excess  of  rack  room.  The  brain  of  this  lamb 
was  examined  and  the  veins  found  very  full  of  blood.  It  was  noticed 
that  the  lambs  in  Pen  No.  3  did  not  take  so  readily  as  before  to  the 
hay,  although  it  was  good  quality  timothy  cured  in  fine  condition.  In 
the  morning  they  looked  about  for  a  few  scattering  bean  pods  which 
had  been  wasted  from  the  previous  feed  and  which  were  under  their 
feet  in  a  soiled  condition.  This  seemed  to  indicate  a  lack  of  protein. 
It  became  evident  that  if  the  lambs  in  this  pen  were  to  be  brought 
back  to  a  full  feed  of  grain  and  finished  for  the  market,  there  would 
have  to  be  a  change  in  the  ration.  Therefore  alfalfa  hay  was  fed 
on  two  out  of  three  mornings  and  mixed  hay  the  third  morning, 
with  a  mixture  of  ajax  and  oil  meal  for  the  grain  ration.  After  one 
week  on  this  diet  they  were  nearly  back  to  the  same  amount  of  grain 
in  pounds  per  day  as  Pen  No.  2. 

On  February  7th  the  lambs  were  weighed,  as  they  had  then  been 
on  their  different  rations  just  sixty  days,  except  the  last  week's  feed 
for  Pen  No.  3.  The  following  table  will  show  the  weights  on  December 
7  th  and  February  7  th: 

Table  No.  i. — ^Weights  on  December  7  and  February  7 

Av.  wt.  Dec.  7th  Av.  wt.  Feb.  7th  Gain. 

Pen  No.  1 69.6                             85.9  16.3 

Pen  No.  2 65.8                             85.8  20.0 

Pen  No.  3 66.2                            81.5  15.3 

Up  to  this  time  the  lambs  had  been  so  crowded  for  room  that  only 
with  diflSctilty  could  they  find  a  place  to  eat.  Three  lambs  were  now 
taken  from  each  pen.  to  see  what  the  result  would  be,  but  because  of 
the  crowded  condition  they  had  been  in,  this  left  only  good  standing 
room  for  each  one.    The  proportion  of  grain  that  the  lambs  which  were 
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taken  out  would  have  had  was  also  taken  away.  On  February  loth, 
two  more  lambs  were  taken  from  each  pen,  leaving  an  excess  of  rack 
room.  On  February  loth,  the  lambs  were  all  right  at  12:30  P.  M.  At 
4:30  one  was  found  dead.  The  next  morning,  another  was  found  dead. 
Both  lambs  were  in  Pen  No.  3.  The  lambs  taken  from  this  pen  were 
immediately  replaced  and  no  more  were  lost  in  that  pen  up  to  the  time 
of  shipment,  although  the  grain  feed  was  increased.  On  February  19th, 
one  died  of  apoplexy  in  Pen  No.  2. 

It  was  now  thought  that  the  experiment  had  been  carried  far  enough 
in  this  particular  direction,  so  all  of  the  pens  were  filled  to  the 
extent  to  give  good  standing  room  in  which  to  eat.  No  more  lambs 
were  lost,  although  they  were  fed  practically  all  the  grain  they  would  eat. 

The  following  tables  will  show  the  amount  of  food  and  cost  of  same, 
and  average  cost  per  pound  of  gain: 

Table  No.  2. — Showing  Amount  op  Food  Consumed 
Fodder  eaten 

Pen  No.  1    Hay 1050  lbs. 

Bean  fodder : 900  " 

Com 700  " 

Wheat  salvage 671  " 

Oil  meal 308  " 

Pen  No.  2    Hay 3900  " 

Com 1176  "" 

Wheat  salvage 866  " 

Ajax 1208  " 


Pen.  No  3    Hay 2100  ** 

Bean  fodder 1800  " 

Com 1764  " 

Wheat  salvage 1 286  " 

Table  No.  3. — Showing  Cost  op  Food  and  Average  Cost  Per 

Pound  of  Gain 
Cost  of  food 

Pen  No.  I    Roughage $13 .  43 

Grain 20.27 

Total  cost ' $33-70 

Average  cost  per  lb.  of  gain .0827 
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Pen  No.  2    Roughage 33-14 

Grain 4165 

Total  cost I74 •  79 

Average  cost  per  lb.  of  gain .0748 

Pen.  No  3    Roughage . 26.85 

Grain 33-34 


Total  cost I60 .  19 

Average  cost  pe^  lb.  of  gain -0787 

The  prices  charged  for  the  above  foods  were:  Hay  $17.00  per  ton, 
bean  fodder  $10.00  per  ton,  oil  meal  $35.00  per  ton,  ajax  flakes  $32.00 
per  ton,  wheat  salvage  $20.50  per  ton,  com  64  cts.  per  bushel.  While 
the  cost  of  the  feed  for  Pen  No.  2  was  much  more  than  for  either  of 
the  other  pens,  the  extra  amount  of  gain  makes  the  cost  per  poimd 
less.  One  of  the  important  benefits  observed  in  the  use  of  both 
of  the  narrow  rations  was  that  at  no  time  throughout  the  experiment 
did  the  lambs  get  off  feed  in  either  Pen  No.  i  or  Pen  No.  2,  whereas 
the  attendants  continually  had  trouble  with  the  lambs  in  Pen  No.  3 
after  the  latter  reached  their  full  amount  of  grain  feed  in  not  being 
able  to  hold  them  there.  A  fact  worth  the  notice  of  sheep  feeders  is 
that  when  a  pen  of  sheep  gets  off  feed  practically  the  same  conditions 
obtain  as  when  there  is  an  excess  of  rack  room,  a  condition  which  this 
experiment  indicates  to  be  very  dangerous. 

The  sheep  were  marketed  in  Buffalo  on  February  23rd  and  sold  for 
9}  cts.  per  pound,  which  was  the  top  price  for  that  day.  At  that  time 
six  lambs  had  to  be  taken  out  of  Pen  No.  3  as  not  being  in  a  finished 
condition,  while  not  any  were  taken  from  Pens  No.  i  and  2. 

In  a  pen  of  forty-eight  lambs  (not  in  the  experiment)  with  four  to 
five  feet  of  extra  rack  space,  one  lamb  died  of  apoplexy  when  the  pen 
was  eating  about  one-half  a  full  feed  of  grain.  The  pen  was  immediately 
filled  with  lambs  and  there  was  no  further  loss  during  the  season  from 
that  pen,  although  the  lambs  were  fed  heavier  with  grain  until  they 
were  on  full  feed. 
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summary  of  0bs6rvati0ns 
Cause  of  apoplexy 
From  the  observations  during  this  experiment,  it  would  seem  that 
apoplexy  is  caused  mainly  by  sudden  over-feeding  rather  than  from 
feeding  a  narrow  ration.  Three  lambs  were  lost  from  Pen  No.  3,  which 
were  fed  a  ration  with  a  nutritive  ratio  of  i  :8,  while  one  lamb  was  lost 
from  Pen  No.  7  with  a  ration  having  a  nutritive  ratio  of  i  :4.6,  and  no 
lambs  were  lost  in  Pen  No.  i  in  which  the  nutritive  ratio  of  the  ratioa 
was  I  :$.  Furthermore,  no  lambs  were  lost  from  any  pen  when  it  was  full 
except  that  in  Pen  No.  3,  fed  a  ration  having  a  nutritive  ratio  of  i  :8,  one 
lamb  was  lost  when  some  of  the  lambs  were  off  feed,  thus  allowing  others  to 
over-feed.  In  the  opinion  of  the  persons  who  conducted  this  experi- 
ment, there  should  not  be  the  wholesale  loss  from  over-feeding  that 
some  feeders  have  experienced  if  proper  precautions  are  taken  to  keep 
the  rack  spaces  all  occupied  and  to  distribute  the  grain  equally.  There 
may  be  an  occasional  sheep  that  cannot  stand  the  heavy  feeding  neces- 
sary for  fattening,  and  there  may  also  be  an  occasional  loss  from  nervous 
excitement,  which  is  thought  to  be  one  cause  of  apoplexy. 

Amount  of  protein  to  feed 
The  rations  with  nutritive  ratios  of  1:5  and  x  :4.6  gave  much  better  re- 
sults than  the  one  with  a  nutritive  ratio  of  x  :8.  The  experience  with  Pen 
No.  3  goes  to  ^ow  that  tfaeie  dieep  lacked  protein  in  their  ration.  The 
sheep  in  this  pen  showed  tltts,  (i)  by  being  very  eager  to  eat  up  all  the 
bean  forage,  and  (3)  by  oamig  back  up  to  full  feed  after  their  ration  had 
been  changed  toward  the  eod  of  the  experiment  when  many  lambs  in 
Pen  No.  3  were  eating  daiatily  or  were  off  feed  entirely.  It  seemed  to 
be  clearly  shown  with  Pen  No.  3  that  in  a  fattening  ration  for  lambs  a 
proper  amount  of  protein  is  essential  to  keep  the  lambs  up  on  the  heavy 
grain  ration  necessary  for  the  best  results.  The  ajax  flakes  appeared 
to  be  a  very  good  source  of  protein.  The  lambs  fed  on  the  ration  con- 
taining the  ajax  flakes  made  the  best  and  most  economical  gains,  accord- 
ing to  Tables  x  and  3.  The  lightness  of  the  ajax  flakes  may  have  been 
a  good  feature  also. 

Relative  cost  of  gain  with  wide  and  with  narrow  nutritive  ratios 
Pens  I  and  2  made  the  best  gains  on  rations  with  a  relatively  narrow 
xmtritive  ratio,  that  is,  x  :5.  Pen  No.  3  not  only  made  poorer  gains  but 
it  was  hard  to  get  the  lambs  to  eat  as  much  grain  by  weight  as  did  the 
lambs  in  Pens  x  and  3,  until  a  change  was  made  in  the  ration  which 
narrowed  the  nutritive  ratio. 


Digitized  by  VjOOQIC 


CORNELL  UNIVERSITY  AGRICULTURAL 
EXPERIMENT  STATION. 


The  Following  Bulletins  are  Available  for  Distribution  to  Those  Resi- 
dents OP  New  York  State  Who  May  Desire  Them. 


xai     Suggestions  for  Planting  Shrubbery. 
136     Chrysanthemums. 
159     Third  Report  upon  Japanese  Plums. 
X4X     Powdered  Soap  as  a  Cause  of  Death  among 
Swill-Ped  Hogs. 

147  Fourth  Report  upon  Chrysanthemums. 

148  Quince  Curculio. 

154  Table  for  Computing  Rations  for  Farm 
Animals. 

158  Source  of  Gas  and  Taint  Producing  Bac- 
teria in  Cheese  Curd. 

166     Sugar  Beet  Investigations  for  xSqS. 

168     Studies  and  Illustrations  of  Mushrooms:  II. 

X7X  Concerning  Patents  on  Gravity  or  Dilution 
Separators. 

188    Spray  Calendar. 

180    Ottwego  Strawberries. 

1 00  Three  Untisual  Strawberry  Pests  and  a 
Greenhouse  Pest. 

193  Further  Experiments  Against  the  Peach- 
Tree  Borer. 

195  Further  Observations  Upon  the  Ropiness 
in  Milk  and  Cream. 

907  Pink  Rot  an  Attendant  of  Apple  Scab. 

908  The  Grape-Root  Worm. 
919     Diseases  of  Ginseng. 
990     Skimmed  Milk  for  Pigs. 
9  9  s     Bovine  Tuberculosis. 
934    The  Bmnse  Birch  Borer. 

940    The  Influence  of  Mtishrooms  on  the  Growth 

of  Some  Plants. 
350    Bovine  Tuberculosis 


951 
aS4 

936 
aS7 

969 
S63 
S65 
966 

a67 

968 


S70 

971 

979 
S73 

S74 
976 
S77 


878 

979 
981 
S83 


Plant-Breeding  for  Farmers. 

Drainage  in  New  York. 

Bean  Anthracnose. 

Street  Trees.  Their  Care  and  preservation 

Defects  in  American  Cheddar  Cheese. 

Moulting  of  Fowls. 

Apple  Orchard  Survey  of  Niagara  County. 

Necrosis  of  the  Grape  Vine. 

Certain  Seed-Infestmg  Chalds-Flies. 

The    Black    Rot   of    the    Grape    and    Its 

Control. 
Fertilising  and  Seeding  Experiments  with 

Root  Crops. 
The  Substitution  of  Roots  for  Concentrated 

Foods  in  Rations  for  Milk  Production. 
Fancy  Cheese  for  the  Farm  and  Factory. 
The  Income  of  178  New  York  Farms. 


Fire  Blight  of  Pears.  Apples.  Quinces,  etc. 
"Effect  of  Fertilisers  Applied  to  Tim 
othy  on  the  Com  Crop  Following  it. 


Buildmg  Poultry  Houses. 

Peach-Leaf  Curl. 

The  Principles  of  Brooding — ^The  Improved 
New  York  State  Gasoline- Heated  Colony- 
House  Brooding  System. 

Classification  of  the  Peony.    Third  Report . 

Variation  and  Correlation  in  Timothy. 

Butter  Moisture-Tests. 

The  Control  of  Insect  Pests  and  Plant  Dis* 


984    Labor-Saving  Poultry  Appliances. 


Address, 


COLLEGE  OF  AGRICULTURE, 

ITHACA,  N.  Y. 
L47J 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


NOVEMBER,  zgxo 


BULLETIN  286 


CORNELL   UNIVERSITY 

AGRICULTURAL    EXPERIMENT    STATION    OF 
THE  COLLEGE  OF  AGRICULTURE 

Department  of  Entomology  (Extension  Work) 
THE  SNOW-WHITE  LINDEN  MOTH 


By  GLENN  W.  HERRICK 


ITHACA,  N.  Y. 
PUBLISHED  BY  THE  UNIVERSITY 
[49] 


Digitized  by  VjOOQIC 


OROANIZATION 

Of  Th£  Coknell  University  Agricultural  Experiment 
Station. 


BOARD  OF  CONTROL 
THE  TRUSTEES  OF  THE  UNIVERSITY 


the  agricultural  college  and  station  council 
JACOB  GOULD  SCHURMAN.  President  of  the  University. 
ROBERT  H.  TREMAN,  Trustee  of  the  University. 

U^BRTY  H.  BAILEY,  Director  of  the  College  and  Experiment  Station. 
EMMONS  L.  WILLIAMS,  Treasurer  of  the  University. 
JOHN  H.  COMSTOCK,  Professor  of  Entomology. 
HENRY  H.  WING,  Professor  of  Animal  Husbandry. 


experimenting  staff 
LIBERTY  H.  BAILEY,  Director. 
ALBERT  R.  MANN,  Secretary. 
JOHN  HENRY  COMSTOCK,  Entomology. 
HENRY  H.  WING,  Animal  Husbandry. 
JOHN  CRAIG,  Horticulture. 
T.  LYTTLETON  LYON,  Soil  Technology. 
HERBERT  J.  WEBBER,  Plant-Breeding. 
BENJAMIN  M.  DUGGAR,  Plant  Physiology. 
JOHN  L.  STONE.  Farm  Practice. 
JAMES  E.  RICE,  Poultry  Husbandry. 
GEORGE  W.  CAVANAUGH,  Chemistry. 
ELMER  O.  PliPPIN,  Soil  Technology. 
WILLIAM  A.  STOCKING,  Jr.,  Dairy  Industry. 
HERBERT  H.  WHETZEL.  Plant  Pathology. 
G.  F.  WARREN,  Farm  Management. 
CHARLES  S.  WILSON,  Pomology. 
GLENN  W.  HERRICK,  Entomology. 
LOWELL  B.  JUDSON,  Horticulture. 
HOWARD  W.  RILEY.  Farm  Mechanics. 
MERRITT  W.  HARPER.  Animal  Husbandry. 
JAMES  A.  BIZZELL,  Soil  Technology. 
CYRUS  R.  CROSBY,  Entomology. 
CLARENCE  A.  ROGERS,  Poultry  Husbandry. 
PAUL  J.  WHITE.  Farm  Crops. 
DONALD  REDDICK.  Plant  Pathology. 
HAROLD  E.  ROSS.   Dairy  Industry. 
HARRY  H.  LOVE.  Plant-Breeding. 
ARTHUR  W.  GILBERT,  Plant -Breeding. 
ELMER  S.  SAVAGE,  Animal  Husbandry. 
E.  S.  GUTHRIE,  Buttermaking. 
EDWARD  R.  MINNS.  Farm  Practice. 
PAUL  WORK.  Horticulture. 
LEWIS  KNUDSON.  Plant  Physiology. 
K.  C.  LIVERMORE.  Farm  Management. 
The  regular  bulletins  of  the  Station  are  sent  free  to  persons  residing  in  New 
York  State  who  request  them. 

[50I 

Digitized  by  VjOOQIC 


THE  SNOW-WHITE  LIHDEN  MOTH 

Ennomos  subsignarius  Hubn. 
Order,  Lepidoptera;  superfamily,  Geometriaa 

A  half  century  ago  the  snow-white  linden  moth  was  a  conspicuous 
insect  in  some  of  our  Eastern  cities  and  its  caterpillars  were  very  abun- 
dant and  exceedingly  injurious  to  shade-trees.  From  1857  to  1870 
the  shade-trees  of  Brookljm,  N.  Y.,  and  Philadelphia,  Pa.,  were  annually 
subjected  to  defoliation  by  this  insect.  To  check  its  increase,  the  Eng- 
lish sparrow  was  introduced  from  Europe,  and  so  well  did  this  bird 
do  its  work  that  for  nearly  a  half  century  we  have  heard  almost  nothing 
about  this  insect  as  a  shade-tree  pest.  During  this  time  there  has  been 
an  occasional  reference  to  it  as  a  forest-tree  despoiler,  but  it  was  not 
tmtil  1907  that  it  again  appeared  as  a  serious  pest,  in  New  York  State 
at  least.  During  that  year  it  seriously  injured  forests  in  the  Catskills 
and  the  Adirondacks.  In  1908  and  1909  it  was  again  very  abtmdant 
and  seriously  injurious,  and  now  in  1910  it  promises  to  be  as  prevalent 
as  ever.  During  the  last  two  years,  in  rearing  large  numbers  of  the 
moths  the  writer  has  been  able  to  find  but  one  single  specimen  of  a 
parasite.  It  may  be  that  the  absence  of  parasites  is  the  main  reason 
for  the  great  abundance  of  this  insect.  At  any  rate,  we  must  conclude 
that  the  environments,  climatic  conditions,  and  other  factors  have  been 
especially  favorable  for  this  insect  during  the  past  four  or  five  years. 
Just  how  long  it  will  continue  in  its  present  abundance,  how  widely  it 
•will  spread,  and  whether  it  will  eventually  become  a  pest  to  our  fruit- 
trees  and  ornamental  plants,  are  questions  the  answers  to  which  we 
shall  await   with  much  interest  and  considerable  anxiety. 

THE   NAME 

This  insect  has  masqueraded  under  several  names  during  its  career 
with  the  scientists.  It  was  first  named  in  1806  by  Hiibner,  who  called 
it  Eudalimia  subsignaria.  About  a  half  century  afterward,  T.  W, 
Harris,  in  a  paper  in  Hovey's  Magazine  of  Horticulture,  says,  "This 
species  not  having  been  scientifically  described  or  named  before  may 
be  called  Geometra  niveosericearia,  the  snow-white  silky  Geometer." 
In  1857,  Guenee  placed  it  in  the  genus  Ennomos.  Four  years  later, 
Mr.  J.  B.  Jones,  in  a  communication  to  the  Entomological  Society  of 
Philadelphia,  referred  to  it  as  Geometra  niveosericearia.  and  also  gave  it 
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the  common  name  of  "measure- worm,"  although  it  had  no  more  claim 
to  this  particular  appellation  than  many  other  caterpillars  of  the  same 
family.  Packard,  in  a  discussion  of  the  insect  in  1869,  gave  it  Guenee's 
old  name  again,  Ennomos  subsignaria,  but  in  a  subsequent  and  more 
extended  discussion  in  1876  changed  it  to  an  entirely  new  genus,  Eugonia 
subsignaria.  Finally,  in  1891,  Dr.  J.  B.  Smith,  in  his  **List  of  Lepi- 
doptera  of  Boreal  America,"  listed  it  under  the  name,  Ennomos  sub- 
signarius,  and  imder  this  it  has  since  remained. 

Dr.  Lintner,  in  1882,  first  proposed  the  common  name  of  snow-white 
linden  moth  because  of  its  snow-white  color  and  its  chief  depredations, 
as  he  then  supposed,  on  the  linden  tree.  It  was  soon  found  however, 
that  it  attacked  other  trees  quite  as  seriously  and  extensively  as  the 
linden,  but  since  the  name  was  as  appropriate  as  any,  it  has  clung  to 
the  insect  to  the  present  day. 

HISTORY  OP  THE   SNOW-WHITE   LINDEN   MOTH 

Early  history. — The  snow-white  linden  moth  was  first  described  in 
1806  and  has  been  known  to  science  ever  since;  but  it  was  not  until 
about  i860  that  it  began  to  attract  attention  in  this  country  as  a  serious 
pest.  In  1855,  T.  W.  Harris  discusses  the  abundance  of  the  larvae  in 
the  city  of  Brooklyn  and  says  that  a  correspondent  writes  that  the 
"worms"  were  first  seen  in  the  city  "ten  years  ago,"  since  which  time 
they  have  appeared  at  the  regular  season  every  year.  In  1861,  Dr.  J. 
B.  Jones  wrote  a  report  on  the  measure  worms  which  infest  the  trees 
of  Brooklyn,  with  suggestions  for  treatment.  In  the  same  year,  the 
citizens  of  Brooklyn  became  so  excited  over  the  increase  of  this  measur- 
ing worm  that  the  Common  Council  seriously  discussed  a  resolution 
compelling  the  destruction  of  all  linden  trees  on  the  streets  of  the  city. 
In  a  subsequent  examination,  however,  the  caterpillars  were  found  on 
so  many  other  varieties  of  shade-trees  that  it  was  seen  that  no  per- 
manent good  could  be  accomplished  by  the  destruction  of  the  linden 
trees  and  the  resolution  was  laid  on  the  table  indefinitely.  In  1881, 
Mr.  Grote  wrote  that,  when  he  lived  in  Brooklyn  in  1857,  this  measuring 
worm  was  so  abundant  "that  the  horse-chestnuts,  elms,  and  maples, 
the  latter  especially,  became  completely  defoliated,  and  the  brown 
measuring  worms  used  to  hang  down  and  cover  the  sidewalks  ultimately 
to  the  great  discomfort  of  the  passers  by."  It  is  said  that  this  condition 
continued  until  the  introduction  of  the  English  sparrow,  which  is  con- 
sidered to  have  destroyed  the  caterpillars  and  held  the  pest  in  check. 

In  1880  the  pest  was  discovered  in  Georgia.     Professor  Comstock 
reported  the  caterpillars  as  destroying  forests  of  hickory  and  chestnut 
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and  doing  much  damage  to  fruit-trees.  Since  that  tiinc  we  have  heard 
mention  of  the  insect  only  now  and  then  until  within  the  last  three  years. 

Later  history, — On  July  6th,  1909,  we  received  from  a  correspondent 
at  Cooks  Falls,  N.  Y.,  the  following  letter  concerning  this  pest:  '*Last 
year  there  appeared  in  this  community  a  worm  somewhat  similar  to 
the  common  apple  tree  worm  and  known  locally  as  the  'beech*  worm 
from  its  habit  of  eating  the  leaves  of  the  beech  tree.  We  thought  it 
would  die  out  over  winter,  but  have  been  disappointed  in  this  hope. 
It  is  again  eating  the  foliage  of  the  same  trees  it  stripped  last  year  and 
is  threatening  large  tracts  of  very  valuable  timber  land.  While  it 
appears  to  prefer  the  beech  leaves  it  quite  often  attacks  maple,  birch, 
etc.  As  our  interests  in  timber  land  are  considerable,  we  write  to  enlist 
your  aid  in  determining  what  species  of  worm  this  is,  and  how  its  ravages 
can  be  stopped."  In  response  to  this  appeal,  the  writer  made  a  per- 
sonal inspection  of  the  infested  area  and  found  a  fine  forest  of  beech, 
maple,  and  other  wood,  pver  five  hundred .  acres  in  extent,  literally 
stripped  of  leaves  by .  the  larvae .  of  this,  moth.  The  owner  said  that 
they  were  so  numer9us  that  'the-  dropping  of  the  excrement  sounded 
like  rain  pattering  on  the  leaves.  The  undergrowth  was  almost  as 
bare  as  it  would  be  in  winter.  The  young  beeches  had  suffered  more 
severely  than  any  other  trees  and  most  of  them  were  entirely  bare  of 
leaves.  Hundreds  of  empty  pupal  cases,  partly  rolled-up  in  eaten  leaves, 
were  hanging  to  the  trees.  The  caterpillars  had  covered  a  certain  area 
on  the  top  of  this  particular  mountain  and  part  way  down  one  side. 
The  line  limiting  their  injuries  was  clear  and  evident  to  the  eye  long 
before  we  reached  the  actual  area.  For  two  successive  years  this  forest 
had  been  denuded  and  the  larvae  were  just  as  abundant  this  year  (1910) 
as  ever. 

On  July  9,  1909,  a  correspondent  at  Arena,  N.  Y.,  about  twenty 
miles  from  Cooks  Falls,  wrote  that  the  caterpillars  "are  working  mostly 
on  beech,  ash,  birch,  and  maple.  In  fact,  nothing  comes  amiss  to  them. 
In  driving  through  the  town  of  Hardenburgh,  Ulster  Co.,  I  noticed 
the  trees  were  literally  stripped  of  their  foliage  and  a  fence  running  in 
the  woods  was  so  loaded  with  them  (caterpillars)  you  could  not  see 
the  rails.  They  hang  by  webs  on  the  trees,  and  looking  through  the 
forest  appears  like  looking  through  smoke  or  a  fog."  This  same  cor- 
respondent wrote  on  May  i6th,  19 10,  nearly  a  year  later,  that  the  trees 
were  again  "literally  covered  with  the  very  small  caterpillars  and  that 
if  nothing  can  be  done  to  check  them  the  Catskills  are  doomed."  The 
pest  is  evidently  widely  distributed,  for  there  are  reports  of  its  injuries 
in  Ulster  Co.,  Sullivan  Co.,  and  also  in  the  forests  of  the  Adirondacks. 
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In  his  report  for  190S,  Dr.  Felt  says  that  the  Forester,  E.  S.  Woodrujff, 
Imports  the  beeches  on  a  tract  of  over  two  square  miles  as  completely 
defoliated.  The  caterpillars  seem  to  attack  the  beeches  first,  but  finally- 
spread  to  the  birches  and  maples.     (Fig.  54). 

One  of  the  most  remarkable  phases  of  this  pest  were  the  flights  of 
great  swarms  of  the  snow-white  moths  in  cities  and  towns  throughout 
the  eastern  part  of  the  State  and  in  New  Jersey.  In  New  York  City 
the  effect  was  compared  to  a  snowstorm  in  mid-summer.  Myriads 
of  the  moths  fluttered  about  the  electric  lights.     Dr.  John  B.  Smith 


Fig.  54. — Caterpillars  of  the  snow-white  linden  moth  on  maple 

says  that  on  the  evening  of  July  17th,  Newark,  Elizabeth,  and  Pater- 
son,  N.  J.,  had  the  same  experience.  On  the  morning  after  the  flight, 
however,  nothing  remained  except  great  numbers  of  snow-white  wings 
without  bodies,  showing  the  work  of  the  English  sparrow,  and  probably 
of  other  birds  and  destroyers.  These  flights  are  remarkable  since  the 
presence  of  the  caterpillars  had  not  previously  been  noticed  in  these 
towns  and  cities.  It  seems  probable  that  the  moths  must  have  flown 
long  distances  from  the  feeding  places  of  the  caterpillars  in  the  forests. 
During  the  latter  part  of  July,   1909,  Ithaca  and  several  other  cities 
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in  the  central  part  of  the  State  experienced  similar  flights  of  myriads 
of  the  spruce  bud  moths.  These  moths  could  not  have  bred  in  such 
numbers  on  ornamental  spruces  in  the  near  vicinity  of  the  towns  invaded 
but  must  have  come  from  some  forested  areas,  perhaps  at  long  distances 
from  the  towns  invaded.  Thus  we  have  an  undoubted  second  instance  of 
a  moth  which  has  certainly  flown  long  distances  from  the  feeding  places 
of  its  larvae. 

THE   DANGER  AS  A   FRUIT  PEST 

The  first  reference  to  this  insect  as  a  fruit  pest  that  the  writer  finds 
is  by  Thomas  in  his  Second  Illinois  Report,  in  which  he  says  that  he 
twice  found  the  larvae  on  apple  trees,  though  not  in  large  numbers, 
and  had  reared  them  to  the  perfect  insect  on  the  leaves  of  this  tree. 
In  1880,  Comstock,  quoting  a  correspondent,  says  that  the  larvae  were 
damaging  fruit- trees  in  Georgia.  In  1882,  Dodge,  in  the  Canadian 
Entomologist,  quoting  from  the  same  correspondent  in  Georgia,  writes 
that  the  "apple  trees  in  June  last  were  as  destitute  of  leaves  as  in  mid- 
winter, the  fruit  growing  to  the  size  of  marbles  and  falling  off." 

In  1904,  Garman  writes  of  this  insect  as  an  important  pest  of  the 
apple  tree  in  Muhlenberg  Co.,  Kentucky.  It  was  especially  injurious 
in  1903  but  not  so  serious  in  1904,  due  probably  to  the  work  of  parasites. 
Again,  in  1908,  Garman  treats  of  this  pest  as  a  serious  one  on  apple 
trees  and  says  that  this  species  "is  sometimes  very  common  locally 
and  may  defoliate  whole  orchards  at  times.**  In  his  23rd  Report,  Felt 
says  very  significantly,  "It  would  not  be  surprising  if  a  number  of 
outbreaks,  hitherto  attributed  to  our  more  common  canker  worms, 
were  in  reaUty  the  work  of  this  species." 

It  is  quite  evident  that  we  have  in  this  insect  a  possible  future  fruit- 
tree  pest  of  considerable  importance.  It  apparently  used  to  be  con- 
fined to  the  shade-trees  of  our  cities  but  it  has  now  almost  entirely 
deserted  these  for  our  forest-trees.  It  would  not  be  at  all  surprising  in 
view  of  the  history  of  this  insect  if  the  future  should  see  it  migrating 
from  the  forest-trees  to  our  fruit-trees  and  becoming  a  serious  pest. 

DISTRIBUTION 

Evidently  this  insect  is  widely  distributed  over  the  Middle  and  East- 
em  United  States,  and  it  occurs  in  Canada.  It  has  been  recorded  from 
Nova  Scotia  to  Georgia  and  westward  through  Michigan,  Kentucky, 
Iowa  and  Colorado.  In  New  York  State,  the  moths  have  been  reported 
from  Delaware,  Ulster,  Sullivan,  Rensselaer,  Albany,  Columbia,  Sara- 
toga, Schenectady,  Herkimer,  Fulton  and  Oneida  Counties,  and  from 
the  northeastern  part  of  the  State  in  the  Adirondacks. 
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food  plants 

The  larvae  infest  a  great  variety  of  forest-trees,  apparently  some- 
what preferring  beech  and  maple.  They  have  been  found  on  elm, 
linden,  chestnut,  hickory,  ash,  apple,  birch,  and  others. 

THE   LIFE   HISTORY  AND   HABITS   OF  THE   INSECT 

This  insect  requires  nearly  a  year  to  pass  through  its  life  history. 
It  is  said  that  in  Georgia  the  eggs  were  laid  on  the  leaves  as  though 
there  might  be  a  second  brood  or  generation  in  a  season.  It  would 
seem  from  a  study  of  the  insect  in  New  York  that  this  must  have  been 
due  to  the  carelessness  of  the  female  moths  and  can  hardly  be  taken 
as  an  evidence  of  a  second  brood.  At  any  rate,  there  is  only  one  brood 
in  New  York  State  each  year;  and  this  is  fortunate.  If  this  pest  could 
pass  through  its  life  history  and  produce  a  generation  every  two  or 
three  months,  our  forests  would  surely  be  doomed  to  destruction.' 

The  eggs  of  the  fem&,le  moth  are  laid  on  the  under  sides  of  the  branches 
— as  often  on  the  upper  branches  of  the  smaller  trees,  at  least,  as  on  the 
lower.  In  a  rather  hasty  search,  the  writer  foimd  the  eggs  laid  on  the 
beech  only.  However,  a  correspondent  at  Arena,  N.  Y.,  has  sent  many 
eggs  deposited  on  maple.  The  eggs  are  always  deposited  at  an  oblique 
angle  to  the  surface  of  the  bark  and  lean  against  each  other  like  a  pile 
of  leaning  bricks.  They  are  laid  in  masses  of  20  to  100  or  even  more, 
and  are  stuck  so  securely  to  the  branch  that  in  1909  the  writer  found 
still  adhering  to  the  trees  the  empty  shells  of  quite  as  many  old  egg 
masses  of  1908  as  there  were  new  ones  of  1909.  The  eggs  are  deposited 
on  the  branches  in  the  latter  part  of  June  and  first  part  of  July,  and 
remain  unaffected  by  snow,  rain,  or  extremes  of  temperature  until  the 
following  April  and  May,  nearly  a  year  after  deposition. 

The  eggs  are  about  one  twenty-fifth  of  an  inch  in  length,  barrel  shaped, 
often  more  or  less  flattened  on  the  sides,  light  olive  when  first  deposited 
but  later  becoming  darker  in  color,  with  a  conspicuous  ring  at  the  free 
extremity.  They  occur  in  irregular  masses,  long  and  narrow  if  the 
branch  is  small  but  spread  out  if  the  surface  is  large  (Fig.  55). 

Eggs  brought  from  Cooks  Falls  in  August,  1909,  were  placed  out- 
doors under  natural  conditions  and  began  to  hatch  May  2nd,  1910. 
Eggs  sent  from  Cooks  Falls  on  May  nth,  1910,  had  not  hatched,  and 
the  writer  found  that  the  caterpillars  on  the  mountain  at  Cooks  Falls 
had  appeared  two  to  three  weeks  later  than  at  Ithaca  or  at  Arena, 
N.  Y.,  the  difference  probably  being  due  to  the  higher  altitude  and 
lower  temperature.     Eggs  at  Arena,  N.  Y.,  brought  into  the  house  in 
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Fig.  55: —  The  snow-white  linden  moth:  i,  egg  mass,  side  view;  2,  eggs  enlarged ; 
3f  eggs  much  enlarged;  4,  larva  enlarged;  5,  pupa  enlarged 
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February,  moistened  and  placed  by  the  stove,  hatched  and  the  cater- 
pillars, which  were  fed  on  leaves  of  Abutilon,  apparently  throve  finely 
but  were  not  reared  to  maturity.  Other  eggs  from  Arena  placed  out- 
doors under  natural  conditions  hatched  at  Ithaca  as  early  as  April  23rd. 

The  number  of  eggs  that  may  be  deposited  on  a  single  tree  is  very 
great.  The  number  in  six  average  clusters  ran  as  follows:  93,  21,  44, 
40,  89,  and  67,  respectively.  Many  clusters  contain  more  eggs  than 
the  highest  of  the  foregoing.  Scores  of  such  egg  clusters  exist  on  many 
of  the  trees  in  the  infested  area.  Messrs.  Graef  and  Weibe  say  that 
they  removed  at  least  60,000  eggs  from  one  small  maple  tree  in  Brooklyn. 

It  is  probably  right  to  say  that  the  eggs  of  this  moth  begin  to  hatch 
in  the  latter  half  of  April,  and  in  high  altitudes  probably  not  much 
before  the  middle  of  May.  When  a  caterpillar  first  emerges  from  the 
egg  it  is  only  about  one-tenth  of  an  inch  in  length  and  its  general  color 
is  green.  The  head,  last  abdominal  segment,  and  sides  of  the  body 
are  light  green  while  the  back  is  a  darker  -green.  In  general,  when 
the  larva  is  viewed  from  above,  the  two  ends  of  the  body  appear  light 
green  in  color  with  the  part  between  a  darker  olive  green. 

The  young  larvae  begin  at  once  to  eat  the  green  tender  leaves. 
On  May  3d,  the  writer  placed  six  caterpillars,  just  out  of  the  egg,  ott 
fresh  tender  maple  leaves,  each  caterpillar  on  a  leaf  by  itself,  to  watch 
its  habits  of  eating.  By  the  morning  of  May  5th  each  one  had  eaten 
holes  through  its  leaf,  varying  from  pinholes  up  to  good  sized  shot 
holes.  In  one  leaf  eighteen  such  holes  had  been  eaten,  which  shows 
something  of  the  voracity  of  the  tiny  larvae.  Observers  who  have 
had  the  opporttinity  to  watch  these  larvae  in  the  forest  say  that  at 
first  they  climb  to  the  top  of  the  tree  and  to  the  ends  of  the  branches 
where  the  leaves  are  presumably  younger  and  more  tender.  As  they 
grow  they  gradually  ravage  the  entire  tree. 

The  caterpillars  vary  considerably  in  color  and  markings.  In  general, 
after  the  first  molt  they  become  dark  reddish  bro'v^Ti,  in  many  cases 
almost  black,  with  the  head  and  last  abdominal  segment  red  or  reddish 
brown  and  quite  conspicuous.  The  larvae  resemble  the  twigs  of  the 
tree  6n  which  they  are  feeding,  and  like  other  "measuring  worms" 
have  the  habit  of  holding  themselves  erect  and  motionless  like  a  broken 
twig.  The  six  larvae  reared  on  separate  maple  leaves  and  receiving  an 
abundance  of  food  were  without  exception  of  a  beautiful  pale  rose 
color  with  three  distinct  tubercles  on  the  abdomen,  as  shown  in  Figs. 
54»  55*  Many  of  the  caterpillars  received  from  the  infested  forest  trees 
were  of  a  light  green  color  throughout  and  in  marked  contrast  with 
the  darker  ones.     Full  grown  caterpillars  that  have  had  all  the  food 


Digitized  by  VjOOQIC 


The  Snow-Whitb  Linden  Moth  S9 

they  want  become  a  little  over  two  inches  in  length,  but  when  they  are 
crowded  and  the  food  supply  limited  they  are  often  less  than  two  inches 
long.  During  their  growth  the  larvae  molt  five  times  or  even  six  times. 
Graef  and  Weibe  record  oj^ly  three  molts. 

The  caterpillars  of  this  moth  have  the  three  pairs  of  true  legs  attached 
to  the  thorax,  but  only  the  last  two  pairs  of  abdominal  legs  are  present, 
thus  leaving  the  middle  of  the  body  unsupported.  Hence,  instead  of 
walking  like  many  other  caterpillars  do,  they  move  with  a  looping 
gait' and  have  been  called  ** looping**  caterpillars  or  "measuring  worms." 
Moreover,  they  have  the  Jiabit  of  spinning  a  silken  thread  and  letting 
themselves  down  by  it  frpm  the  branches  when  the  tree  is  suddenly 
struck  or  jarred.  Frequently  they  drop  half  way  down  to  the  ground 
and  remain  quietly  suspended  in  the  air  for  a  few  moments,  after  which 
they  ascend  to  the  branches  above.  It  is  said  that  during  their  great 
abundance  on  the  shade^trees  in  Brooklyn  in  the  sixties  much  annoy- 
ance was  caused  by  this  habit  of  dangling  in  the  faces  of  pedestrians. 
The  following  remarks  of  a  committee  from  the  Brooklyn  Horticultural. 
Society  anent  this  phase  of  the  insect  are  interesting:  "  It  would  seem 
to  be  entirely  xmnecessary  for  the  committee  to  urge  upon  those  who 
have  been  constrained  to  traverse  our  streets  in  the  latter  part  of  June 
and  the  early  part  of  July,  the  great  importance — they  might  almost 
say  the  necessity — of  devising  and  accomplishing  some  plan  for  remov- 
ing the  worms  which  dangle  before  their  faces,  are  dropped  upon  their 
clothing,  or  are  crushed  by  their  feet  at  every  step.  Certainly  no  gen- 
tleman, no  lady,  can  need  to  be  convinced  that  carrying  these  worms 
from  house  to  house,  brushing  them  out  of  the  face  and  hair,  or  stopping 
at  the  comers  to  pick  them  off  with  the  fingers — ^at  the  risk  of  crushing 
them  in  the  experiment — is  not  a  part  of  the  privilege  which  one  looks 
for  in  becoming  a  resident  of  a  city  like  this." 

Six  caterpillars  that  emerged  from  eggs  May  3rd  began  spinning 
their  cocoons  May  30,  July  i,  2,  3,  6  and  7,  respectively,  and  changed 
to  pupae  about  three  days  after  commencing  the  cocoons.  It  should 
be  understood  that  these  larvae  were  under  exceptionally  favorable 
surroundings  so  f^r  as  food  was  concerned.  The  cocoons  are  very  flimsy 
affairs  and  usually  are  made  by  turning  over  the  edge  of  a  ragged  leaf 
and  lining  the  inside  with  a  thin  net-like  layer  of  silk  (Fig.  56).  Graef 
and  Weibe  say  that  the  insects  pupate  on  the  trunks  and  branches  of 
trees,  on  fences,  railings,  lamp-posts,  or  almost  anything  they  can  reach. 

The  pupa  is  about  five-eighths  of  an  inch  long,  sometimes  more,  some- 
times less.  It  is  blunt  and  rounded  at  the  anterior  end  but  strongly 
pointed  at  the  posterior  extremity  and  terminates  with  about  six  small, 
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Fig.  56. — The  sncnv-ivhitc  linden  moth:   2.  moths  from  nature;  3,  lace-like  cocoon; 
4,  p^upa  under  the  rolled  edge  0/  a  leaf 
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chitinous  hooks  that  securely  fasten  the  pupa  to  the  network  of  threads 
lining  the  cocoon.  The  pupa  is  of  a  pale  brown  color  flecked  with  numer- 
ous black  dots  which  in  some  places  run  together.  The  six  pupae, 
under  observation,  occupied  13  to  16  days  for  their  transformations 
to  adults. 

The  moths  are  pure  white,  and  the  females  are  somewhat  larger 
than  the  males  and  have  thread-like  antennae,  while  the  males  possess 
feather-like  antennae.  The  front  wings  of  the  male  and  the  female 
are  angulated,  those  of  the  female  more  prominently.  Packard  says 
that  the  hind  wings  of  the  male  are  entire.  In  a  long  series  of  bred 
specimens,  many  males  show  notched  hind  wings  while  some  are  entire 
in  outline.  The  hind  wings  of  the  female  are  noticeably  and  quite 
regularly  notched.     (Fig.  57). 


Fig.  57. — Male  moth  at  left,  female  at  right 

From  the  eggs  brought  to  Ithaca  from  Arena  and  Cooks  Falls  we 
find  the  moths  appearing  from  June  16  to  July  ist.  From  caterpillars 
obtained  from  Cooks  Falls  in  1909  we  find  the  moths  appearing  July  18 
to  July  25tTi.  At  Arena,  N.  Y.,  in  1909,  the  larvae  were  found  pupating 
about  July  ist  and  the  moths  appeared  about  the  middle  of  July.  It 
would  seem,  then,  that  the  adult  moths  appear  from  the  middle  of 
June  to  the  last  of  July,  depending  upon  the  season,  altitude,  and  other 
factors.  The  eggs  are  deposited  within  a  few  days  after  the  moths 
emerge,  thus  cornpleting  the  hfe  cycle. 

NATURAL   ENEMIES 

What  the  natural  checks  of  this  insect  are  we  are  unable  to  say  at 
present.     It  is  evident  that  some  unfavorable  conditions  have  operated 
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to  bold  it  in  check  for  the  last  fifty  years,  and  it  is  equally  evident  that 
for  the  past  three  or  four  years  these  forces  have  been  partly  or  -wholly 
inoperative. 

The  testimony  regarding  the  activity  of  the  English  sparrow  in 
exterminating  this  pest  in  cities  seems  to  show  rather  conclusively 
that  this  much-disliked  bird  did  actually  bring  about  the  destruction 
of  this  insect.  Nearly  every  writer  on  the  snow-white  linden  moth 
makes  acknowledgment  to  the  sparrow^  and  declares  that  the  cities 
owe  their  freedom  from  this  insect  to  that  bird,  ^e  take  pleasure  in 
again  calling  attention  to  this  little-known  meritorious  work  of  the 
English  sparrow. 

Mr.  William  H.  Broad  well  in  describing  the  visitation  of  the  snow- 
white  linden  moths  at  Newark,  N.  J.,  on  the  night  of  July  17th,  1908, 

as  '*a  July  blizzard,"  has  the   follow- 

m/ik  ing  to  say  regarding  the  work  of  the 

^^^K  sparrows    in    destroying    this    insect: 

^^^r^  "Early  the  following  morning,  under 

^^^^^^^  ^^    lamps,    the   wings    were    on    the 

^^.^i"- — ^^^^^HlOr^^^k.  ground    as   thick   as    apple   blossoms 

^C^Y^*^^.       ^^^^  ^  storm,  showing  that  the  spar- 

^    rows  had  not  forgotten  why  they  were 

Fig.  58.-4  P<ir^i\e  (Pimpla  con-   brought   over    to    this    country  some 

quisitor)  of  th€  snow-white  linden    ^     ,  .ju  >*  -kk     r^     a.     • 

oth  forty  years  agb.     Mr.  Grote,  m  a  paper 

from  which  we  have  already  quoted, 
after  discqssing  the  great  abundance  of  the  measure  worms  in  Brooklyn, 
say3  further,  **The  advent  of  the  English  sparrow  changed  all  this. 
The  naked  brown  larvae  of  subsignaria  disappeared  before  them." 

In  1880,  ^I.  G.  H.  French  of  Carbondale,  111.,  bred  five  males  and 
seven  females  of  a  minute  Hymenopterous  parasite,  Macrocentus  irides- 
cens,  fpm  two  caterpillars,  which  he  took  to  be  Ennomos  subsignaria, 
found  01)  an  elm  tree.  We  have  not  been  fortunate  enough  to  find 
this  parasite  present  in  any  of  the  caterpillars  reared  by  us.  We  have, 
however,  bred  one  single  specimen  of  a  common  parasite,  Pimpla  con- 
quisitor  (Fig.  58),  from  the  pupae  of  the  snow-white  linden  moth.  Since 
only  the  one  specimen  has  been  obtained  from  the  scores  of  pupae  we 
have  had,  it  will  be  seen  that  this  parasite  is  not  abundant  enough 
yet  to  be  of  any  great  service  as  a  check.  Mr.  Harris  says  that  Chalets 
ovata,  a  small  parasite,  has  also  been  reared  from  the  pupae. 

Jt  may  well  be  that  the  great  and  wanton  destruction  of  birds  is 
one  cause  of  the  abnormal  abundance  of  this  insect.  If  one  bird  is 
so  efficient  in  the  control  of  this  pest,  as  the  evidence  shows  it  to  have 
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been,  then  why  may  we  not  legitimately  expect  a  great  deal  of  our  native 
birds  in  this  respect?  Undoubtedly  one  of  the  most  efficient  and  feasible 
means  for  the  control  of  this  insect  in  our  forests  will  be  the  better 
protection  of  our  native  birds. 

METHODS  OP  CONTROL 

In  the  control  of  this  pest  in  shade-trees,  spraying  with  arsenate  of 
lead,  3  pounds  to  50  gallons  of  water,  would  probably  be  very  effective. 
If  it  ever  becomes  injurious  to  apple  trees  in  this  State,  the  same  method 
of  control  would  have  to  be  followed.  The  trees  should  be  sprayed 
early  while  the  caterpillars  are  small,  as  the  poison  will  be  much  more 
effective  then. 

As  we  have  already  noted,  the  caterpillars  have  the  habit  of  sud- 
denly dropping  to  the  ground  in  great  numbers  when  the  trees  are  jarred. 
On  small  trees,  hundreds  of  the  caterpillars  may  be  jarred  on  to  sheets 
and  then  destroyed.  Unfortunately,  the  young  larvae  are  not  so  sus- 
ceptible to  this  kind  of  treatment,  and  if  one  waits  until  they  become 
large  much  of  the  damage  will  already  have  been  done. 

The  masses  of  eggs  are  very  conspicuous  objects  and  could  easily 
be  found  on  the  branches  and  scraped  off.  In  the  case  of  small  trees 
much  good  could  be  accomplished  in  this  manner.  On  Urge  trees  it 
would  be  more  difficult  to  collect  the  eggs. 

In  forests  there  seems  no  practicable  way  of  controlling  this  pest.  In 
case  of  the  particular  forest  area  mentioned  at  Cooks  Falls,  the  wood 
is  being  grown  for  the  manufacture  of  certain  wood  chemicals.  In  this 
instance  it  may  be  best  to  cut  off  the  present  growth  of  timber  and 
use  it  for  the  distillation  products  before  it  dies  as  a  result  of  the  aimual 
defoliation  to  which  it  has  been  subject  iox  the  past  two  years. 
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CORRELATION  OF  CHARACTERS  IN  CORN 

A  thesis  submitted  to  the  Faculty  of  Cornell  University  for  the  degree  of  Master 
of  Science  in  Agriculture,  June,  1909.* 

During  the  season  of  1,908,  experiments  were  started  at  the  Cornell 
Agriciiltural  Experiment  Station  to  find,  if  possible,  a  close  correlation 
between  yield  of  grain  and  some  other  distinguishable  or  measurable 
character.  The  work  was  undertaken  with  the  idea  of  using  the  knowl- 
edge gained  for  selection  in  the  field  to  increase  the  yield. 

In  most  plants,  fertilization  takes  place  before  the  relative  merits  of 
individuals  are  apparent.  This  is  especially  true  of  crops  which  are 
grown  for  their  seeds,  so  that  selection  directed  towards  increasing  the 
yield  generally  cannot  be  made  until  after  maturity.  In  the  case  of 
self-fertilized  plants,  such  as  the  small  grains,  this  fact  is  of  no  great 
importance.  The  approved  practice  in  breeding  such  crops  has  become 
to  select  those  individuals  which  possess  the  desired  qualities  and  transmit 
them,  then  to  propagate  their  offspring  in  pure  cultures.  In  this  we 
are  dealing  with  pure  lines. 

In  the  breeding  of  an  open-fertilized  plant,  such  as  com,  another 
factor  must  be  considered.  Here  the  isolation  of  pure  high-yielding 
types  is  not  so  easily  done.  A  large  number  of  the  grains  on  an  ear 
of  com  are  fertilized  by  other  plants  in  the  field,  so  that  when  a  high- 
yielding  plant  is  selectee}  many  of  the  plants  grown  from  that  individual 
will  be  crosses,  and  in  case  the  high-yielding  quality  may  have  been  a 
heritable  character  in  the  selected  plant,  the  progeny  test  would  not 
give  a  fair  measure  of  that  character  because  of  the  crossing  with 
inferior  plants  grown  near  it. 

It  has  been  well  established  by  experiment,  whatever  the  explanation 
may  be,  that  self-fertilization  results  in  a  loss  of  vigor  and  productive- 
ness, so  that  to  try  to  propagate  the  character  of  high  yield  by  self- 
fertilization  would  not  prove  satisfactory.  It  was  thought  that  the 
results  of  this  study  might  furnish  facts  which  would  enable  the  breeder 
to  identify,  before  flowering  time,  those  plants  which  were  destined 
later  to  produce  a  heavy  yield  of  grain.  By  hand  pollination  between 
such  individuals,  it  would  be  possible  to  control  the  paternal  parentage 
as  well  and  as  thoroughly  as  the  maternal. 

With  this  in  view,  particular  attention  has  been  directed  to  characters 
which  are  manifest  and  capable  of  comparison  during  the  growing  season, 
before  or  at  the  beginning  of  the  flowering  period,  and  hence  observa- 

♦Contribution  X,  Laboratory  Experimental  Plant-Breedin.q:,   Cornell  University. 
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tions  have  extended  from  germination.  It  was  hoped  that  some 
character  could  be  found  closely  allied  with  yield,  so  that  the  inheritance 
of  the  one  would  imply  the  presence  of  the  other,  or  that  yield  of  grain 
and  some  other  character  might  be  found  to  vary  together  in  such 
a  manner  that  the  latter  woiild  early  give  a  good  indication  of  the 
degree  in  which  the  former  would  probably  develop. 

If  such  an  association  should  be  found,  it  would  be  possible  on  the 
basis  of  the  correlated  character  to  select  both  the  maternal  and  paternal 
parents  and  by  hand  pollination  to  eliminate  the  indiscriminate  fer- 
tilization of  field  conditions  and  to  insure  to  the  progeny  the  probable 
heritage  of  high  yield  from  both  sources. 

Of  course,  to  be  of  practical  value  to  the  breeder,  the  correlated 
character  must  be  one  that  may  be  easily  measured  by  inspection - 
For  the  purpose  of  finding  such  relationships,  however,  it  is  necessary 
that  exact  measurements  should  be  taken  wherever  possible,  and  that 
a  quantitative  expression  of  the  correlation  should  be  obtained  in  order 
to  be  of  value  as  a  safe  guide  in  prediction.  Hence,  the  coefficient  of 
correlation  between  yield  and  other  characters  investigated  has  been 
calculated  in  the  case  of  the  writer's  experiments. 

METHODS  OF  CONTROLLING  THE  PARENTAGE  IN  CORN-BREEDING 

Williams  (30,  also  31)  has  devised  a  method  which  is  designed  to 
eliminate  the  bad  effects  of  crossing  with  inferior  individuals,  by  direct- 
ing pollination  between  the  progeny  of  selected  ears.  Only  a  part  ot 
the  grains  of  the  selected  ears  to  be  tested  in  the  ear-to-row  plot  are 
planted  for  comparison.  The  remnants  of  these  ears  are  preserved  and 
the  following  year  the  remains  of  the  ears  which  have  proved  their 
superiority  in  the  test  are  planted  in  an  isolated  breeding  plot.  The 
remnants  of  the  ears  which  are  to  be  used  as  the  seed  parents  are  planted 
in  rows  which  alternate  with  those  to  be  crossed  on  them,  the  former 
being  detasselled.  In  this  way  it  is  possible  to  control  the  parentage 
of  the  third  generation  of  the  selection. 

No  account  is  taken,  however,  of  the  paternal  parentage  of  the  ears 
which  are  carried  into  the  mating  plot.  Hand  pollination  between 
individual  stalks  would  save  2  years  in  time  and  would  be  more  direct. 
The  writer  has  been  informed  that  the  Funk  Brothers'  Seed  Company, 
of  Bloomington,  Illinois,  has  practiced  artificial  pollination  by  hand 
to  some  extent,  by  mating  those  plants  which  the  judgment  and  experi- 
ence of  the  breeder  lead  him  to  think  will  be  productive  individuals. 
The  writer  is  not  aware  as  to  just  what  marks  are  used  in  distinguishing 
those  plants,  nor  how  successful  this  method  has  been. 
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It  was  for  the  purpose  of  securing  reliable  information  on  which  to 
proceed  with  just  such  operations  that  this  investigation  was  under- 
taken. Even  for  the  ordinary  methods  of  corn-breeding,  it  would 
be  valuable  to  know  the  coefficient  of  correlation  between  yield  and 
other  characters  visible  in  the  field,  in  order  to  assist  the  breeder  to 
choose  plants  which  are  high  producers  of  grain,  without  reference 
to  artificial  pollination. 

It  would  be  desirable  to  know  the  degree  of  association  between 
yield  and  any  other  character  after  the  period  of  flowering  has  passed 
or  even  at  maturity,  since  it  is  important  to  combine  good  yield  with 
early  maturity,  in  most  regions,  and  with  several  other  characters. 

The  selection  in  the  field  is  as  important  in  many  cases  as  any  later 
selection,  and  to  know  the  amount  of  correlation  between  these  char- 
acters and  yield  would  be  a  desideratum.  A  consideration  of  correla- 
tion between  yield  and  a  character  not  measurable  before  flowering  time, 
however,  would  not  come  within  the  scope  of  this  study. 

GENERAL  DISCUSSION  OP  CORRELATION 

In  order  that  the  breeder  may  make  the  most  use  of  correlations 
which  he  finds,  it  is  best  that  he  should  know,  if  possible,  of  the  physio- 
logical or  the  genetic  relation  between  the  characters  concerned. 

Webber  (29),  DeVries  (27),  and  East  (8).  have  each  contributed  articles 
which  bear  on  this  question  and,  in  the  writings  of  each,  two  main 
types  are  recognized: 

1.  Correlated  variation  in  which  type  variation  in  the  expression 
of  one  character  or  in  the  development  of  one  organ  is  accompanied  by 
a  corresponding  variation  in  the  manifestation  of  some  other  quality. 

2.  Cori-elation  between  unit  characters  in  which  certain  characters 
are  associated  in  their  inheritance.  Two  characters  are  correlated  in 
this  sense,  when  one  accompanies  the  other  in  every  case,  or  oftener 
than  would  be  expected  according  to  the  law  of  chance.  It  is  necessary 
to  investigate  this  kind  of  correlation  by  hybridization  experiments 
in  order  to  find  whether  there  is  a  real  genetic  relationship  between 
the  two  characters. 

In  the  case  of  type  i,  a  study  of  the  correlation  will  resolve  itself 
into  a  consideration  of  the  degree  in  which  qualities  always  present 
may  manifest  themselves.  In  the  latter  form  of  correlation  we  are 
concerned  with  the  question  of  the  presence  and  absence  of  certain  char- 
acters and  the  ratio  in  which  each  is  found  in  the  general  population 
and  the  ratio  in  which  they  are  found  together,  as  East  (9)  has  expressed 
it.     No  account  is  taken  of  degree,  unless  the  degree  of  development 
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of  a  certain  quality  may  depend  upon  unit  characters  as  is  the  case  in 
peas.  Here  too,  degrees  of  height,  tallness  and  shortness,  have  been 
shown  to  be  unit  characters  inherited  independently,  each  with  fluctua- 
tions around  a  distinct  mode. 

The  one  type  of  association  is  largely  a  matter  of  correlation  in  the 
fluctuating  variability  of  the  characters  concerned,  while  the  other  is 
a  correlation  in  the  inheritance  of  unit  characters  as  entities,  the  one 
quantitative  and  the  other  qualitative. 

Webber  (29)  distinguished  four  kinds  of  correlation,  environmental, 
morphological,  physiological,  and  coherital.  The  first  three  he  regards 
as  clearly  distinct  from  the  fourth,  which  would  be  recognized  as  cor- 
relation between  unit  characters,  while  the  first  three  kinds  would  have 
to  be  considered  under  type  i  mentioned  above. 

East  (8)  distinguishes  these  two  types  as  somatic  and  gametic  cor- 
relations. He  subdivides  the  former  into  several  subclasses  along  some- 
what different  lines  from  Webber's  environmental,  morphological  and 
physiological  correlations. 

In  correlations  between  unit  characters  a  distinction  is  made  between 
gametic  coupling  and  spurious  allelomorphism.  An  illustration  of 
gametic  coupling  is  given  by  Bateson  (2)  in  the  case  of  sweet  peas,  in 
which,  in  second  generation  hybrids*  he  discovered  that  there  was  a 
numerical  association  between  the  long  type  of  pollen  grains  and  purple 
color,  and  between  round  pollen  grains  and  red  color.  The  blue  factor 
causing  the  purple  color  appeared  to  be  inherited  with  the  long  factor 
seven  times  as  often  as  with  the  absence  of  the  long  factor  or  roundness. 
On  the  other  hand,  absence  of  the  blue  factor  leaving  the  flower  red 
was  inherited  seven  times  as  often  with  round  pollen,  or  the  absence  of 
the  long  factor,  as  with  the  long  factor. 

Spurious  allelomorphism  is  the  term  applied  to  the  case  of  second 
generation  sweet  peas  when  the  factor  determining  the  erect  form  of 
the  flower  seemed  to  be  allelomorphic  to  the  blue  factor  instead  of  each 
factor  being  paired  with  its  absence,  as  is  ordinarily  assumed  by  the 
presence  and  absence  hypothesis.  Thus  there  appears  a  perfect  cor- 
relation between  red  color  and  erect  form. 

It  is  probable  that  many  cases  of  complete  coupling,  if  they  could  be 
analyzed,  would  prove  not  to  be  an  association  of  factors,  but  a  mani- 
festation ot  the  same  factor  in  different  ways  in  different  parts  of  the 
same  individual.  In  the  case  of  all  of  the  types  of  correlation  discussed 
above,  observation  on  a  number  of  individuals  is  required  in  order  to 
distinguish  the  types  from  growth  correlations,  and  it  seems  to  the 
writer  that  they  may  be  looked  upon  as  statistical. 
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Plant  physiologists  generally  consider  correlation  from  a  point  of  view 
somewhat  different  from  that  of  the  breeder.  By  growth  correlation, 
according  to  Strassburgcr  (24)  is  meant  the  internal  reciprocity  in  the 
tormative  growth  of  organs.  It  is  the  relation  of  organs  or  even  cells,  to 
each  other  and  to  the  organism  as  a  whole.  These  interrelations  are 
studied  in  the  individual  by  the  methods  of  experimental  morpho- 
genesis. Such  correlations  become  manifest  in  regeneration  and  allied 
phenomena,  which  show  the  principle  of  harmonious  development.  For 
a  discussion  of  growth  correlations  see  Jost  (15). 

The  point  of  view  of  the  breeder  and  that  of  the  plant  physiologist 
may  be  different  aspects  of  the  same  fundamental  phenomena,  just  as 
variation  may  be  considered  from  more  than  one  standpoint.  One  kind 
of  variation  may  be  manifest  as  either  a  morphological  or  a  functional 
change  and  may  at  the  same  time  be  either  a  fluctuating  variation  or  a 
mutation.  The  breeder  is  not  particularly  concerned  with  this  aspect 
of  correlation  except  as  it  may  help  him  to  understand  the  facts  with 
which  he  has  to  deal. 

Some  light  is  thrown  on  the  interrelation  of  organs  by  a  consideration 
of  zoological  research  relating  to  what  have  been  termed  hormones. 
Parker  (19).  Secretions  from  such  an  organ  as  the  thyroid  gland  have 
a  marked  influence  on  the  skin,  general  features  and  mental  faculties. 
The  removal  of  the  suprarenal  bodies  is  followed  by  death  and  the 
active  principle  concerned,  adrenalin,  has  been  isolated.  Marked 
secondary  effects  have  long  been  observed  to  follow  the  loss  of  still 
other  organs. 

The  writer  does  not  know  of  an  exact  parallel  in  plants,  but  the  influ- 
ence of  the  development  of  the  embryo  in  the  seed  on  the  growth  of  the 
surrounding  parts,  resulting  in  the  production  of  a  fruit,  is  probably 
a  very  similar  phenomenon.  The  plant  body  is  more  generalized;  so 
that  the  production  of  internal  secretions  is  less  likely  to  be  localized 
or  to  affect  particular  regions.  Possibly  such  relations  do  exist,  however, 
and  the  dependence  of  correlation  on  these  hormones,  or  similar  sub- 
stances, may  possibly  be  quite  general  both  in  the  animal  and  the  plant 
kingdoms. 

USE    OF   CORRELATIONS    IN     BREEDING 

It  is  likely  that  the  most  valuable  type  of  correlation  for  use  in  the 
work  of  selection  is  that  referred  to  as  coherital,  or  gametic,  or  correla- 
tion between  unit  characters*  So  far  as  the  writer  is  aware  these  are 
the  only  kind  of  correlations  whose  application  to  breeding  are  record- 
ed. For  example,  DeVries  (27)  states  that  a  relation  between 
a    certain    kind    of    hairiness    of    the    leaves    and    doubling    of    the 
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flowers  in  stocks  enables  the  growers  to  discard  a  large  pro- 
portion of  the  singles  in  the  seedling  stage.  He  also  says  that 
Burbank  is  able  to  see  a  relation  between  the  quality  of  the  fruit  of 
quinces  and  the  character  of  the  foliage  visible  in  the  seedling,  and  that 
Nilsson  had  found  a  correlation  existing  in  barley  between  the  form  of 
the  hairs  at  the  base  of  the  scales  and  a  certain  quality  of  the  albumen 
of  the  grain  which  makes  it  valuable  for  brewing  purposes.  He  was 
able,  therefore,  on  the  basis  of  this  knowledge,  to  select  from  a  variety 
of  barley  with  strong  culms,  a  strain  possessing  the  desired  malting 
properties. 

Webber  (29)  cites  the  case  in  which  he  found  useful  a  correlation  in 
certain  sweet  com  hybrids,  Black  Mexican  x  StowelFs  Evergreen.  Here 
bluish  black  color  of  kernel  was  found  correlated  with  green  color  of 
silks,  glumes  and  stamens,  and  light  amber  or  white  color  of  kernels 
with  red  or  purple  color  of  silks,  glumes  and  stamens.  He  could  tell  by 
inspection  when  the  plants  were  in  flower  what  would  be  the  color  of 
the  grains.  It  was  then  an  easy  matter  to  breed  together  by  hand 
individuals  of  the  latter  class,  thus  fixing  the  desirable  recessive  char- 
acter without  resorting  to  self-fertilization. 

In  hybrids  the  breeder  is  as  likely  to  find  undesirable  characters 
coupled  with  desirable  ones  as  to  find  beneficial  combinations. 

PREVIOUS  WORK 

The  only  statistical  work  published  on  correlation  in  com  that  has 
come  to  the  writer's  notice  is  that  given  by  Davenport  (7).  Brigham  (3) 
draws  certain  conclusions  from  data  which  he  collected  and  tabulated 
in  the  Longfellow  variety  of  flint  com;  but  quantitative  relationships 
were  not  determined.  Director  Davenport  finds  a  correlation  coefficient 
of  0.87  ±  0.005  between  weight  of  ears,  in  ounces,  and  length  of  ears, 
in  inches,  in  Leaming  com.  He  also  gives  a  coefficient  of  0.49  ±  0.02 
for  correlation  between  circumference  and  length  of  ears,  in  inches. 
While  these  relations  do  not  bear  on  the  main  object  of  the  experiments 
here  recorded,  they  are  interesting  in  themselves  as  being  the  only 
published  work  of  the  kind  on  the  com  plant. 

Brigham  concluded  that  in  the  Longfellow  variety  an  increase  in  the 
weight  of  corn  is  accompanied  by  an  increase  in  the  weight  of  the  plant, 
number  of  kernels,  length  of  ear,  weight  of  cob,  husks,  suckers,  and 
leaves,  an  increase  in  the  weight  of  the  individual  kernels,  and  also  in  the 
percentage  of  grain  to  vegetative  portions.  He  states  that  there  is  correla- 
tion between  yield  and  length  of  leaf  and  breadth  of  leaf,  the  lattei 
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trait  being  especially  noticeable  in  the  leaf  at  the  ear-bearing  node.  The 
leaf  sheaths  at  this  node  were  observed  to  be  shortened.  He  further 
states  that  high  yield  is  correlated  with  smaller  number  of  intemodes 
and  with  thicker  under  and  somewhat  thicker  upper  internodes. 

Fruwirth  (13)  gives  a  number  of  observations  of  association  in  Szekler 
maize.     There  is  no  indication  given,  however,  that  these  correlations 
were  determined  or  studied  by  statistical  methods.    Within  the  variety 
he  found  the  following  correlations: 
Higher  total  plant  weight  with : 

Higher  total  weight  of  ears,  but  more  strongly  with 

Greater  weight  of  stalk. 

Greater  number  of  kernels,  but  on  the  other  hand 

Smaller  percentage  of  grain. 

Greater  percentage  of  husks. 
Greater  length  of  ear: 

Greater  total  weight  of  grain, 

Greater  weight  of  individual  kernels,  but  also 

Smaller  thicknesses. 

Greater  percentage  of  husks. 
Greater  weight  of  grain  per  plant: 

Greater  total  weight  of  plant  (less  pronounced). 

Greater  number  of  kernels. 

Greater  individual  weight  of  kernels. 
Greater  percentage  of  grain  per  plant: 

Less  total  plant  weight. 

Slightly  smaller  percentage  of  husks  and  percentage  of  cob. 
Greater  number  of  intemodes  per  plant: 

Greater  total  weight  of  plant. 

Greater  number  of  kernels. 

Greater  total  weight  of  grain,  but  on  the  other  hand 

Higher  percentage  of  cob  and  smaller  weight  of  individual 

Kernels  and  smaller  percentage  of  grain. 
Higher  stover  product  per  plant: 

Greater  total  weight  per  plant. 

Smaller  percentage  of  grain. 

Distinctly  higher  percentage  of  husks. 

Greater  thickness  of  cob. 
Greater  thickness  of  ear: 

Greater  total  weight  of  plant. 

Greater  stover  product. 

Smaller  percentage  of  grain  and  cob. 
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Sturtevant  observed  that  early  maturity  was  correlated  with    low 
position  of  the  ear  on  the  stalk. 

Thiel  (25)  found  that  diameter  of  ear  was  correlated  inversely  -with 
percentage  of  cob. 

DeVries  (26)  found  that  breeding  for  greater  number  of  rows  of 
kernels  produced  smaller  kernels. 

Studies  made  by  Hopkins,  Smith  and  East  (14)  on  the  relation  between 
the  physical  and  the  chemical  characters  of  the  com  kernel  show  that 
high  nitrogen  content  is  correlated  with  a  large  proportion  of  corneous 
endosperm  and  high  oil  content  with  proportionately  large  embryos. 

Esterhaty  (12)  determined  the  proportion  of  weight  of  grain  to  weight 
of  cob  in  a  large  number  of  different  varieties  of  com,  but  could  find  no 
relationship  between  percentage  of  cob  and  other  important  characters. 

Smith  (22)  has  been  breeding  com  in  two  directions  by  straight  selec- 
tion to  increase  the  height  of  ear  on  the  stalk  in  one  strain  and  to  lower 
it  in  the  other.  He  has  succeeded  in  producing  two  strains,  in  one  of 
which  the  ears  are  now  borne  about  three  feet  higher  on  the  stalk  than 
in  the  other. 

In  the  high-eared  strain  he  has  found  that  the  high-eared  character 
is  correlated  with  taller  stalks,  longer  intemodes,  and  a  greater  number 
of  intemodes  below  the  ear,  and  also  with  later  maturity.  These  results 
agree  with  the  observations  of  Fruwirth  and  Sturtevant  mentioned 
above.  He  observed  no  great  difference  between  the  two  strains  in 
regard  to  yielding  power.  This  is  somewhat  contrary  to  the  statements 
of  Brigham  and  of  Fruwirth,  in  which  both  investigators  claim  that 
higher  weight  of  grain  is  associated  with  smaller  number  of  intemodes. 
However,  Dr.  Smith  worked  on  Leaming,  a  dent  variety,  while  Brigham 
studied  Longfellow,  a  flint  variety  and  Fruwirth  studied  Szekjer  maize. 
Dr.  Smith  made  yield  the  first  requirement  and  did  not  select  for  other 
characters  unless  high  yield  accompanied  them.  Dr.  Smith  also  suc- 
ceeded in  selecting  two  strains  of  the  same  variety,  one  with  erect  and 
the  other  with  declining  ear,  and  observed  no  secondary  effect  of  the 
declination  of  the  ear  on  the  yield. 

Craig  (6)  has  reported  a  large  number  of  observations  on  correlation 
in  the  corn  plant.  He  made  statistical  measurements,  but  used  only 
between  50  and  100  individuals  in  each  case  and  did  not  calculate  any 
of  the  statistical  constants  of  variation  from  his  data,  and  hence  the 
exact  degree  of  correlation  was  not  found  in  any  case  reported.  Craig's 
studies  confirmed  the  observations  of  Hopkins  and  his  associates  men- 
tioned above,  that  there  is  correlation  between  the  relative  amount  of 
corneous  endosperm  present  and  the  nitrogen  content. 
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He  also  concluded  that  ears  producing  grains  which  were  medium  to 
long  in  length  and  grains  which  were  bright,  were  the  highest  in  nitrogen 
content,  and  that  cylindrical  ears,  smooth  cars  and  selected  ears  of 
medium  weight  had  the  highest  nitrogen  content  in  the  grain.  He 
found  that  heavy  weight  of  leaves,  of  grain,  of  stover  (excluding  leaves), 
of  fodder  (including  leaves  and  grain),  and  low  percentage  of  grain  to 
weight  of  fodder  were  correlated  with  nitrogen  content.  Nitrogen 
content  increased  with  content  of  ash  and  of  crude  fiber.  He  found 
greater  weight  of  grain  associated  with  greater  leaf  surface,  greater 
weight  of  leaf,  greater  weight  of  stalk  (excluding  leaves  and  suckers), 
and  with  greater  weight  of  fodder  (including  grain);  in  other  words, 
greater  weight  of  vegetative  parts.  This  agrees  in  general  with  the 
restdts  obtained  by  the  writer,  to  be  discussed  later,  in  that  yield  was 
found  correlated  to  some  extent  with  those  characters  denoting  vege- 
tative vigof. 

Weight  of  plant  is  not  measurable  in  the  early  stages  of  growth,  but 
has  been  approximated  in  these  experiments  by  measuring  the  height 
of  plant,  diameter  of  stalk,  length  and  breadth  of  leaf,  etc.,  characters 
which  may  easily  be  determined  roughly  by  inspection  in  the  field. 

Percentage  of  grain  to  ear  was  found  by  Craig  to  be  correlated  with 
percentage  of  grain  to  total  weight  of  plant.  High  percentage  of  grain 
was  also  correlated  with  low  position  of  the  ear  on  the  stalk,  and  greater 
weight  of  fodder  (excluding  leaves)  occurred  with  greater  leaf  surface. 

Willard,  Clothier  and  Weber  (28)  found  little  relation  between  specific 
gravity  of  the  kernels  and  nitrogen  content. 

Cook  (5)  quotes  Mr.  W.  W.  Tracy,  Sr.,  as  saying  that  branched  tassels 
in  Extra  Early  Adams*  Sw^oet  Corn  is  correlated  with  lateness  of 
maturity. 

As  East  (9)  points  out,  much  stress  has  been  laid  upon  the  association 
of  characters  by  writers  on  plant  breeding,  but  generally  it  is  simply 
mentioned  that  certain  characters  are  correlated  without  any  statement 
as  to  the  degree.  Such  facts  can  generally  be  valued  for  little  more  than 
their  scientific  interest,  whereas,  for  practical  purposes  it  is  always 
important  to  know  the  minimum  degree  of  association  that  will  be  of 
value  in  guiding  selection. 

Dr.  East  made  determinations  of  certain  characters  in  the  potato  on 
a  numerical  basis  with  the  hope  of  finding  characters  that  would  be  of 
value  as  an  index  of  selection.  He  found  that  among  700  varieties  of 
potatoes,  the  coefficient  of  correlation  between  colored  stems  and  colored 
tubers  was  0.15  ±0.025.  In  225  varieties  he  found  a  correlation  of 
0.32  ±0.041,  and  in  232  varieties  he  found  a  coefficient  of  correlation 
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of  0.165  ±0.042  between  colored  flowers  and  colored  tubers.  He 
rightly  concludes  that  these  percentages  of  correlation  are  too  low  to 
give  a  valuable  indication  for  selection. 

In  the  one  case  in  which  a  relatively  high  degree  of  correlation  was 
found,  viz,  a  coefficient  of  correlation  of  0.77  ±0.01  between  purple 
stems  and  dark  tubers,  he  was  of  the  opinion  that  too  few  purple  varieties 
had  been  under  observation  to  enable  conclusions  to  be  drawn  concern- 
ing the  utility  of  the  correlation. 

STATISTICS    OP    CORRELATION    IN    CORN 

Plan  of  the  experimenU — A  plot  of  Funk's  Ninety  Day  Com,  a  yellow 
dent  variety,  was  grown  on  very  good,  uniform  soil.  The  hills  were  one 
foot  apart  in  the  row  and  thinned  to  one  plant  per  hill.  About  a  thousand 
plants  were  originally  included  in  the  experiment,  but  it  was  found 
later  that  some  were  being  influenced  by  proximity  to  trees  and  a  few 
failed  to  produce  any  grain,  so  that  not  over  812  individuals  are  included 
in  any  table* 

The  notes  taken  on  this  variety  were  duplicated  on  a  plat  of  some 
1,200  plants  of  Pride  of  the  North,  another  yellow  dent  variety  grown 
under  similar  conditions,  but  as  none  of  the  correlations  found  in  the 
former  variety  were  great  enough  likely  to  prove  of  value,  the  notes  on 
the  Pride  of  the  North  were  never  worked  up.  This  plat  was  on  poorer 
soil,  producing  a  smaller  yield,  and  it  is  probable  that  a  greater  degree 
of  correlation  might  have  been  found  here.  It  seems  that  in  general 
the  richer  the  soil  and  the  greater  the  amount  of  variability  in  the  two 
characters  concerned,  the  smaller  the  coefficient  of  correlation  is  likely 
to  be.  Love  (i6)  found  this  to  be  the  case  in  peas  grown  on  poor  and 
on  rich  soil. 

As  has  been  stated  above,  notes  were  taken  on  characters  which 
could  be  measured  by  inspection  in  the  field  before  or  at  the  beginning 
of  the  blooming  period.  Attention  has  been  given,  incidentally,  to 
other  questions  than  correlation  and  the  other  ordinary  variation  con- 
stants have  been  determined.  All  measurements  were  made  in  the 
metric  units  because  of  the  greater  ease  of  measuring  and  calculating 
in  that  system. 

Correlation  between  weight  of  grain  and  diameter  of  stalk, — (Table  I). 
The  data  taken  for  peld  per  plant  in  grams  and  the  diameter  of 
stalk  in  millimeters  are  tabulated  in  Table  I.  Here  a  coefficient  of  cor- 
relation of  0.393  ±0.020  was  found  to  exist  between  these  characters. 
This  is  equivalent  to  about  forty  per  cent    of   a    perfect    correlation 
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and  is  obviously  too  small  a  degree  of  association   to  be  of  value  for 
prediction. 

The  coefficient  of  regression  of  weight  or  yield  in  grams  to  diameter 
of  stalk  in  millimeters  is  11.985  ±0.657.  For  any  observed  deviation 
in  the  diameter  from  the  mean  measured  in  millimeters,  we  should  expect 
in  the  same  individual  a  probable  deviation  in  grams  of  grain  from  the 
mean  weight,  the  given  deviation  times  the  regression  coefficient. 
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37 

9 

Table  I. — Correlation  between  weight  of 
grain  and  diameter  of  stalk:  weight  of 
grain  subject,  diameter  of  stalk  relative; 
''=•393   ±  -020 

To  illustrate:  If  in  this  case  we  wish  to  select  the  plants  with  the 
thickest  stalks,  hoping  thereby  to  secure  the  highest  yielding  individuals 
we  should  select  the  plants  with  a  diameter  of  29  mm.  The  mean  diamotci 
of  the  population  is  22.833  mm.  and  the  deviation  of  the  selected  indi- 

♦Different  individuals  have  been  vised  in  Tables  I,  II,  III,  and  X,  therefore  the 
frequencies  in  the  classes  of  weight  are  not  the  same  in  all  cases,  although  the 
same  total  number  of  individuals  has  been  used. 
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vidual  from  the  mean  diameter  of  the  population  would  be  6.167.  The 
coefficient  of  regression  of  weight  of  grain  relative  to  diameter  of  stalk 
is  11.985.  Hence  the  probable  deviation  in  weight  of  grain  for  such  an 
individual  will  be  11.985  x  6.167=73.91  ig.,  which,  added  to  the  mean 
weight,  262.709  g.,  gives  336.620 g.,  the  probable  mean  of  the  array  on 
29,  or  the  probable  yield  of  an  individual  in  that  array.* 

As  was  mentioned  above   (p.  72),   Brigham   found  yield  correlated 
with  somewhat  thicker  intemodes  in  Longfellow  corn. 
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Table  II. — Correlation  between  weight  of  grain  and  length  of 
leaf;  weight  of  grain  subject,  length  of  leaf  relative^-  r=.2^2 
±  .021. 

Weight  of  grain  and  length  of  leaf — (Table  II).  The  length  of  leaf 
was  measured  in  centimeters  and  the  data  were  tabulated  with  jdeld, 
the  classes  of  length  differing  from  each  other  by  5  cm.  The  co- 
efficient of  correlation  found  was  0.292  ±  0.021.  Length  of  leaf, 
while  it  is  a  character  easily  measured  by  inspection  in  the  field  early 

*  The  coefficients  of  regression  of  weight  of  grain  to  each  of  the  other  characters 
considered  are  given  in  the  table  on  p.  92  as  well  as  the  coefficients  of  correlation 
and  other  statistical  constants. 
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in  the  growing  period,  is  correlated  with  yield  only  to  the  extent  of 
•thirty  per  cent  and  would  not  be  a  safe  criterion  for  selection.     The 
existence  of  correlation  between  these  two  characters  has  also  been 
observed  by  Brigham  (p.  72). 

Weight  of  grain  and  breadth  of  leaf. — (Table  III).  The  breadth 
of  leaf  was  recorded  in  centimeters.  Between  these  two  characters 
we  find  a  coefficient  of  correlation  of  0.314  ±0.021.     It  is  worthy  of 
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Table  III. — Correlation  between  weight  of 
grain  and  breadth  of  leaf;  weight  of  grain 
subject,  breadth  of  leaf  relative;  r=.$i^ 
±  .021 

note  that  the  coefficient  of  correlation  between  yield  and  length  of  leaf 
and  yield  and  breadth  of  leaf  is  practically  the  same  figure.  Brigham 
(p.  72)  has  likewise  found  some  association  between  these  two  char- 
acters. 

Weight  of  grain  and  height  of  mature  plants. — (Table  IV).  The  work 
of  taking  other  notes  did  not  permit  the  measurements  for  height  to 
be  taken  just  before  the  flowers  were  mature  as  had  been  planned;  so 
that  this  had  to  be  postponed  until  the  plants  had  almost  matured. 
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While  there  would  be  some  increase  in  height  after  the  blooming  period 
it  is  probable  that  this  growth  would  be  proportional  to  the  height  already 
attained;  so  that  these  figures  can  be  taken  as  indicating  the  relative 
values  for  that  character  at  the  time  when  it  would  be  important  to 
know  them. 

The  figures  for  height  are  grouped  into  classes  of  one  decimeter  in 
difference.  Between  this  character  and  weight  of  grain  the  coefficient 
of  correlation  0.203  ±0-025  was  found. 
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3 

100 

1     1 

2 

120 

1 

1 

1-2   1      1 

7 

140 

1 

1 

1        2 

5 

160 

1 

1 

1 

2   12  2 

10 

180 

1     2 

1 

2   3   6   6  2  3   2 

28 

200 

1 

4 

2 

33765432 

40 

220 

1 

1 

1 

2 

4 

59669  11   43 

1 

63 

240 

1 

3 

3 

6 

11  13  13  12  17  12  6   2 

2 

2     1 

103 

260 

1 

2 

2 

9 

9   8  14  8  15  11   9   4 

4 

1 

97 

280 

1 

1 

3 

5 

7  10  19  17  10  20  12  10 

2 

1   1 

119 

300 

2 

6679  13   982 

2 

3 

68 

320 

2 

2 

1 

1 

56526094 

1 

50 

340 

1 

2 

2  2  2  2   13  2 

3 

20 

360 

1 

1     1     4  2  1 

2 

12 

380 

2     2     112 

8 

400 

1 

2        111 

1 

7 

420 

12   1     1 

5 

440 

! 

1 

2 

460 

1 

1 

4S0 

1 

1 

600 

0 

520 

1 

1 

540 

0 

560 

1 

1 

658 

1  0   1  0  7 

T" 

11 

20 

36 

54  68  86  75  89  84  59  33 

16 

8   2   1 

Table  IV. — Correlation  between  weight  of  grain  and  height  of  mature   plants; 
weight  of  grain  subject,  height  of  mature  plants  relative;  r=.203    ±  .025 

Weight  of  grain  and  height  of  seedlings, — (Table  V).  In  order  to 
ascertain  whether  or  not  those  plants  which  were  most  vigorous  in  their 
germination  and  early  growth  would  later  yield  a  large  weight  of  grain, 
the  height  of  the  seedlings  was  measured  a  few  weeks  after  planting. 
The  true  height  was  hard  to  determine;  so  that  the  longest  leaf  at  the 
time  was  straightened  up  and  the  distance  from  the  tip  of  this  leaf 
to  the  ground  was  measured.  In  reality  two  characters  were  considered 
in  this  measurement,  both  height  and  length  of  leaf.  The  coefficient 
of  correlation  between  height  of  seedlings  so  determined  and  weight 
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of  grain  is  0.219  ±o-o37-  This  is  nearly  the  same  figure  as  was  found 
to  represent  the  correlation  between  weight  of  grain  and  the  height 
of  the  mature  plants.  In  this  case  the  population  includes  300  indi- 
viduals, less  than  half  of  the  mature  plants  measured  for  height. 
The  closeness  of  these  two  figures,  however,  gives  no  assurance  that  the 
individuals  which  Are  tallest  as  seedlings  will  be  the  tallest  mature  plants. 
Weight  of  grain  and  number  of  internodes. — (Table  VI).     Here  we 


X, 

Xa  10  11  12 

13 

14 

15 

16 

17 

18  19 

no. 

20 

1 

1 

40 

1 

2 

1 

4 

60 

2 

2 

80 

1 

3 

100 

3 

4 

120 

2 

2 

1 

7 

140 

1 

1 

1 

1 

1 

6 

160 

3 

3 

3 

14 

180 

1 

5 

11 

9 

4 

36 

200 

1   1   2 

11 

7 

11 

8 

6 

47 

220 

2 

12 

15 

19 

15 

7 

72 

240 

1 

29 

44 

22 

9 

3   2 

119 

260 

2 

12 

32 

36 

27 

8 

4   1 

122 

280 

1   3 

13 

28 

42 

39 

10 

139 

300 

1 

12 

25 

28 

13 

3   2 

84 

320 

1 

2 

0 

19 

11 

10 

54 

340 

1 

i 

2 

10 

8 

3 

27 

360 

3 

4 

9 

4 

21 

380 

1 

2 

5 

1 

10 

400 

1 

1 

4 

1 

8 

420 

3 

2 

1 

7 

440 

1 

1 

2 

4 

460 

2 

2 

480 

1 

1 

2 

600 

0 

520 

0 

540 

0 

560 
8 

1 

1 
796 

1,  2  15 

78 

154 

237 

195 

82 

27  5 

Table  VI. — Correlation  between  weight  of  grain 
and  number  of  internodes;  weight  of  gram  sub- 
ject,   number  of    internodes    relative;    r==.2  2S 

±.023 

find  a  fair  degree  of  correlation,  the  coefficient  being  0.228  ±0.023.  The 
coefficient  of  regression  of  weight  to  number  of  internodes  is  10.376 
±1.059.  This  indicates  that  number  of  internodes  and  height  do 
vary  together  to  some  extent. 

Brigham  (p.  72)  states  that  high  yield  is  correlated  in  Longfellow 
corn  with  a  smaller  number  of  internodes.  Fruwirth  reports  the  opposite 
relation  in  Szekler  maize  (p.  73);  while  Smith  noticed  no  essential 
difference  in  yielding  power  between  his  two  selected  strains  of  Learning 
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corn,  the  one  having  low  ears  and  a  small  number  of  internodes,  and 
the  other  high  ears  and  more  internodes. 

Weight  of  grain  and  average  length  of  internodes. — (Table  VII).  To  get 
the  average  length  of  internodes,  the  height  of  the  plant  in  centimeters 
was  divided  by  the  number  of  internodes.  The  resulting  data  were 
tabulated  with  weight  of  grain  in  the  usual  form  or  correlation  table  and 
the  coefficient  of  correlation  was  found  to  be  — 0.004  ±0.027  which 
practically  means  that  there  is  no  relation  between  the  two  characters. 


X, 

X3  13  14  16 

16  17  18  10 

20 

21  22  23  24 

26 

26  27  28  29  30 

cm. 

20 

1 

40 

1 

1        1 

60 

1 

80 

1   1   1 

100 

1   1 

120 

1   2  2 

2 

140 

1 

1   1 

1        1 

160 

2   1   2 

3  2 

180 

1 

2   4   17 

3  2  11 

1 

28 

200 

2  2   2  2 

6  5  3 

1     1     1 

38 

220 

1 

2   4  5  10 

10  9  8  4 

63 

240 

1 

3   4  16  8 

22  11   9  3 

2 

100 

360 

1   1 

1   4  11  12 

25  6  9  4 

1 

96 

280 

2 

1   2  12  20 

18  16  14  4 

3 

116 

300 

7  7  12 

14  7  6  1 

2 

68 

820 

2 

2   3   6  6 

8  5  6  2 

46 

340 

2   13  2 

14  12 

20 

860 

2   1 

1  2  1 

10 

380 

1     2 

3 

7 

400 

1     1 

1     2 

6 

420 

1 

1 

6 

440 

1 

1 

2 

460 

1 

1 

2 

480 

1 

1 

fiOO 

0 

620 

1 

1 

640 

0 

660 

1 

1 

641 

K 

1   2   9 

16  37  70  89 

hT" 

112  79  62  26 

lo" 

10  0  1   0  1 

Table  VII. — Correlation  between  weight  of  grain  and  average  length  of 
internodes;  weight  of  gram  subject,  average  length  of  internodes  rela- 
tive; r         .004   ±  .027 

the  correlation  coefficient  amounting  to  less  than  its  probable  error. 
This  is  fortunate  because  long  internodes  generally  indicate  a  weak 
stalk,  easily  blown  down. 

Weight  of  grain  and  percentages  of  internodes  below  the  ear. — (Table 
VIII).  To  get  the  degree  of  this  association,  the  relationship  between 
the  total  number  of  internodes  on  the  plant  and  the  number  below  the 
ear  was  first  determined.  For  example,  in  case  a  plant  had  sixteen  inter- 
nodes and  th6  top  ear  was  borne  at  the  tenth  node,  the  ratio  H  =0.625 
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-wotdd  exist.  After  this  ratio  was  found  for  all  the  individuals  included 
in  the  experiment,  these  figures  were  tabulated  together  with  weight  of 
grain,  as  had  been  done  in  case  of  characters  previously  treated,  and  the 
coefficient  of  correlation  was  determined.  This  was  found  to  be 
0-02S  ±0.024.  This  figure  amounts  to  practically  no  correlation, 
since  the  determination  is  equalled  by  its  probable  error.  This  confirms 
in  a  numerical  way  the  observation  by  Smith  (p.  74)  that  there  is  no 
considerable  relationship  between  yield  and  position  of  the  ear  on  the 
stalk.    In  view  of  this,  it  is  not  surprising  that  he  would  have  no  great 


X, 

Xa  12  13  14  15  16 

17 

18 

19  20  21 

22  23  24  25  26  27 

28 

29 

30  31  32  33  34 

cm. 

20 

1 

1 

40 

2     1 

3 

S 

1 

1 

80 

1 

1 

2 

100 

1 

1 

3 

120 

1 

1 

1 

1 

4 

1  140 

1 

1 

2 

160 

1 

2  1 

1   3   1 

10 

180 

2 

2 

2  2   2 

2   3   1     1 

1 

1        1 

22 

1  200 

1 

1 

4  3   4 

3   4   112 

1 

29 

220 

1 

1 

5  2   4 

5   3   4   2  5   1 

1 

36 

240 

1        1   2 

2 

2 

1   6   8 

8   8  10  5   4   4 

1 

1         1 

68 

260 

1 

3 

3  3  8 

7  5  7  7  5  3 

1 

54 

280 

1 

2   2   7 

5   8  12   9   7  5 

1 

2 

62 

800 

1 

1 

2 

5   5   5   4   3   4 

2 

1 

34 

820 

1 

2   5   3   3   4   1 

1 

20 

340 

1 

2 

113   2   1 

1 

13 

360 

1   1 

111      11 

1 

8 

880 

1 

2 

3 

400 

1 

1 

420 

1           1 

2 

440 

1   1 

1 

3 

460 

1 

1 

480 

S 

1 

1 
383 

10  0   2   8 

10 

15 

23  24  35 

45  48  50  35  30  22 

11 

7 

7   10   2   1 

Table  lK,^-CorrekUion  between  weight  of  grain  and  lenph  of  ear  at  appearance  of  silks; 
weight  of  grain  subject,  length  of  ear  relattve;  r=^.2i8  ±  .033 

difficulty  in  selecting  two  strains  with  opposite  tendencies  in  this  regard 
and  at  the  same  time  maintain  practically  the  same  yield  in  the  two 
strains.  The  fact  that  no  considerable  correlation  was  found  in  these 
experiments  between  yield  and  number  of  intemodes  and  yield  and  aver- 
age length  of  intemodes  is  also  in  accord  with  Dr.  Smith's  observations. 
Weight  of  grain  and  length  of  ear  at  appearance  of  silks, — (Table  IX). 
The  value  of  the  latter  character  was  measured  by  feeling  through  the 
husks  for  the  butt  end  of  the  cob  and  measuring  in  centimeters  from  that 
point  to  the  tip  end  of  the  cob.     This  determination  was  subject  to  a 
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considerable  degree  of  error  in  some  cases,  but  generally  a  fairly  accurate 
measurement  could  be  made.  The  co^-relation  coefficient  is  0.218  ±0.033. 
>  Weight  of  grain  and  date  of  appearance  of  tassel, — (Table  X).  The 
date  on  which  the  first  tassel  was  visible  was  noted  and  the  same  was 
recorded  for  each  of  the  other  plants.  The  relative  lateness  of  tasseling 
was  expressed  by  considering  the  date  on  which  the  first  tassel  appeared 
as  I,  and  the  last  which  appeared  22  days  later  as  22,  with  the  interme- 


X, 

X3    1    2      3     4     5 

6      7     8     9    10 

11    12 

13 

14 

15 

16    17 

18    19    20    21    22 

days 

20 

1 

1 

2 

40 

1 

1 

1 

1 

1 

5 

60 

1             1      1 

3 

80 

1 

1 

1 

3 

100 

1 

1 

1 

1 

4 

120 

1 

1      1 

1      1 

1 

1      1 

8 

140 

2 

1             2 

1 

6 

160 

1      2 

3 

2     2 

1 

2 

1 

14 

180 

2      1 

2      6     3     3      3 

6     2 

3 

3 

3 

37 

200 

2      4     3 

17      12     6 

14     3 

2 

1 

2 

48 

220 

1           3     4  '2 

2     9      9     3     7 

13     3 

3 

8 

2 

2 

1 

72 

240 

6    11      1 

7     9    16     8    11 

27     9 

4 

6 

4 

1 

2 

121 

280 

7     9     6 

7    11      9    10    17 

23    12 

4 

2 

3 

1 

2 

128 

280 

8    12    13 

8    13    14    10      6 

31    12 

2 

4 

2 

1 

2            1 

139 

aoo 

8     5     6 

6     9    11      6    11 

14      4 

3 

1 

2 

2 

1 

84 

820 

8     6     2 

3     7     8     3     8 

8      3 

1 

2 

59 

340 

2            1 

3      14     2     6 

6      1 

2 

28 

360 

2     2     3 

4     3            1 

2 

1 

1 

19 

380 

3 

2            1             1 

2 

1 

1 

11 

400 

1 

12      11 

2 

1 

9 

420 

2 

1             111 

• 

1 

7 

440 

1      1      1 

1 

4 

460 

1      1 

2 

480 

1 

1 

2 

SOO 

0 

520 

1 

1 

540 

0 

560 

1 

1 
812 

1    0    43    64    40 

46    85    87    53    80 

153    55 

26 

31 

24 

8      2 

6      4      112 

Table  'X..-— Correlation  between  weight  of  gram  and  date  of  appearance  of  tasseli 
weight  of  grain  subject,  date  of  appearance  of  tassel  relative;  r= — .153  ±  .023 

diate  stages  arranged  by  days.  These  data  were  thrown  onto  a  cor- 
relation table  with  the  data  for  weight  of  grain  so  that  the  correlation 
between  yield  and  relative  lateness  of  tasseling  could  be  determined. 
This  was  found  to  be  — 0.153  ±0-023.  In  other  words,  in  this  case 
there  appears  to  be  a  slight  correlation  between  yield  and  earliness  of 
tasseling. 

Weight  of  grain  and  date  of  appearance  of  pollen, — (Table  XI).  The 
date  on  which  the  anthers  began  to  shed  pollen  was  recorded  and  relative 
lateness  was  expressed  by  arranging  the  plants  in  a  series  with  respect 
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to  these  dates,  as  was  done  in  the  case  above.  The  coefficient  of  cor- 
relation found  was  — 0.090  ±0.024.  It  indicates  a  slight  correlation 
between  yield  and  earliness  of  flowering  with  respect  to  the  staminate 
flowers. 

Weight  of  grain  a^td  date  of  appearance  of  silks. — (Table  XII).  The 
notes  on  the  latter  character  were  recorded  and  used  as  explained  in  the 
two  preceding  cases.  Here  a  measure  of  the  variation  in  the  time  of 
ripening  of  the  pistillate  flowers,  as  indicated  by  the  date  of  exposure  of 
the  silks,  was  obtained. 


X, 

Xz  1  2  3   4  5 

6 

7   8 

9 

10  11 

12  I.") 

14  15  10  17 

days 

20 

1 

1 

2- 

40 

1   1 

2 

4 

60 

2 

2 

80 

1 

1 

100 

1 

1 

1 

1 

4 

130 

1 

1 

1 

1      1 

5 

140 

1 

2   1 

1 

5 

160 

2 

1 

1   I 

2   3 

1   2 

13 

180 

3 

4 

3   4 

5 

4   7 

3 

2   2 

37 

aoo 

1     5 

6 

6 

10 

5  10 

1   1 

1 

46 

220 

1      9 

10 

7   6 

9 

13  12 

5 

2      1 

75 

240 

1       1  15 

16 

18  12 

15 

20   6 

9   1 

4 

118 

260 

2  18 

13 

22  16 

17 

15  10 

4 

3 

120 

280 

1   1  20 

22 

24  16 

18 

15  7 

7   1 

3 

135 

300 

4   6 

8 

15  16 

14 

11   4 

3 

2   1 

84 

320 

1     3   7 

11 

10   5 

8 

9   2 

56 

340 

1   3 

3 

5   6 

1 

6   3 

28 

300 

1 

2 

3   2 

2 

2   3 

2   1 

1 

19 

380 

1 

1 

1   2 

1 

6 

400 

3 

5 

1 

9 

420 

1 

2 

1   1 

1 

1 

7 

440 

1   1 

1 

1 

4 

460 

1 

1 

2 

480 

1 

1 

2 

500 

0 

520 

1 

1 

540 

0 

560 

e 

1 

1 

786 

1  1  3  13  91 

102 

124  93 

103 

110  71 

40  5 

20  6   1   2 

Table  XI.— Correlation  between  weight  of  gram  and  date  of  appear- 
ance of  poUen;  weight  of  grain  subject,  date  of  appearance  of  pollen 
relative;  r         .090   ±  .024 

The  coefficient  of  correlation  between  these  two  characters  is — 0.202 
±0.023.  This  indicates  that  there  is  some  correlation  between  these 
characters. 

Weight  of  grain  and  duration  of  flowering  period  {pistillate  flowers)  in 
days. — (Table  XIII).  By  duration  of  flowering  period,  is  meant  the 
length  of  time  from  the  exposure  of  the  first  silks  imtil  they  had  all  begun 
to  dry  up,  indicating  the  completion  of  fertilization.     A  variation  of 
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four  to  fourteen  days  was  found.  The  correlation  coefficient  is  — 0.046 
±0.062.  The  data  represents  only  116  individuals,  so  that  this  result 
cannot  be  considered  wholly  reliable,  but  is  sufficient  to  indicate  that 
there  is  little  or  no  correlation  between  the  two  characters. 

Weight  of  grain  and  number  of  branches  in  tfie  tassel, — (Table  XIV). 
It  was  thought  that  there  might  be  some  relation  between  the  weight, 
or  fertility,  and  the  amount  of  development  of  the  tassel  or  staminate 
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Table  ICll. -Correlation  between  weight  of  grain  and  date  of  appearance  of  stlks; 
weight  of  grain  subject,  date  of  appearance  of  stlks  relative;  r        .202   ±    .023 

inflorescence.  As  a  rather  convenient  way  of  estimating  this,  it  was 
decided  to  count  the  number  of  branches  in  the  tassel,  although  to  have 
weighed  the  tassel,  while  not  entirely  accurate,  would  have  been  more 
satisfactory.  This  determination  is  open  to  the  same  criticism  as  the 
one  just  previously  discussed,  in  that  only  194  individuals  were  included. 
However,  it  can  be  taken  as  sufficient  to  indicate  the  practical  absence 
of  any  connection,  the  correlation  coefficient  being  — 0.009  ±0.048. 
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Table  XIII. — Correlation  between  weight  of  gratn 
and  duration  of  flowering  period  (ffisttllate  flow* 
ers)  in  days;  weight  of  ^rain  subject,  duration 
of  flowering  pertod  relative;  r         .046  ±  .062 
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Table  XIV. — Correlation  between  weight  of  grain  and  number  of  branches  in 
the  tassel;  weight  of  grain  subject,  number  of  branches  relative;  r= — .009  ±  .048 


Digitized  by  VjOOQIC 


90 


Bulletin  287 


Statistics  of  variation.  Yield  or  weight  of  grain.  — ^The  mean  weight  of 
812  variates,  as  shown  in  the  first  table,  is  262.709  ±1525  grams  (9.267 
±0.054  ounces).  The  standard  deviation  is  64.446  ±1.079  grams 
(2.273  ±0.038  ounces).  The  coefficient  of  variabiHty  is  24.531  ±0.435. 
The  frequency  distribution  is  practically  normal.     (Fig  59). 

There  are  no  particularly  important  features  to  be  observed  in  the 
variation  in  any  of  fche  characters  until  w^e  come  to  height  of  stalk. 
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Fig.  sg— Curves  showing  variation  in  weight  of  grain.     Tite  weights   were    taken 

in  grams 

The  two  modes  in  the  curve  of  variation  in  height,  one  at  3  meters  and 
the  other  at  3.2  meters,  indicate  the  possibility  of  two  types  in  this 
population. 

The  great  irregularity  in  the  distribution  in  the  percentage  of  inter- 
nodes  below  the  ear  is  due  in  a  large  measure  to  the  method  of  calculat- 
ing the  percentage.  The  distribution  of  the  percentages  is  necessarily 
discontinuous  from  the  nature  of  the  combinations  which  must  be 
made  to  obtain  them.  For  example,  two  plants  with  sixteen  nodes, 
one  bearing  the  ear  on  the  ninth  node  and  the  other  on  the  tenth,  would 
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have  in  the  former  case  a  percentage  of  56  nodes  below  the  ear  and  in 
the  latter  case,  a  percentage  of  62  nodes  below  the  ear.     (Fig  60). 

It  happens  that  the  gap  is  partially  filled  in  at  57,  58,  60  and  61,  by 
the  ratios  between  other  combinations,  but  none  of  the  combinations 
gave  59  per  cent.  In  this  way  the  classes  are  made  discontinuous 
throughout  the  curve. 

Considerable  irregularity  will  likewise  be  noticed  in  the  variation 
in  number  of  branches  in  the  tassel.    This  is  probably  due  to  the  small 
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Fig.    60 — Curve  showing    varuUion    in  heighi    of  mature  plants.     Measurements 

were  taken  in  decimeters 


number  of  individuals  included.  It  would  hardly  be  proper  to  say 
that  there  are  two  types  in  the  population  because  the  curve  shows 
two  modes,  when  only  194  individuals  are  comprised  in  the  study. 

Weather  conditions  greatly  influence  the  date  of  flowering.  On 
warm,  sunny  days,  a  great  many  more  plants  come  into  bloom  than 
on  cooler  days.  The  irregularity  apparent  in  the  distribution  in  char- 
acters relating  to  date  of  flowering  is  accounted  for  by  this  fact. 
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Variation  Constants 


Mean 

SUndard 
deviation 

(>>eflicient  of 
variation 

Weight     of     grain     in     grams — (from 
Table!) 

a63. 709 
2a. 833 

i J  .525 

64 . 446 

±1.079 
±0.035 

24.531 
9.276 

±o.43S 
±0.155 

Diameter  of  stalk  in  millimeters 

±0.050 

9. 118 

90 . 480 

±0.212 

8.97a 

iro.  150 

9.915 

±0.166 

Breadth  of  leaf  in  centimeters 

10.69a 

±0.027 

1.127 

±0.019 

10.S40 

±0.178 

Height  of  mature  plants  in  decimeters.  . 

30 . 840 

±0.077 

2.935 

±0.055 

9.S16 

±o.X77 

Height  of  seedlings  in  centimeters 

35.237 

±0.193 

4.967 

±0.137 

19.681 

±0.563 

Number  of  intemodes 

IS. 116 

dro.033 

1.370 

±0.023 

9.063 

±o.x53 

Average  length  of  intemodes  in  centi- 
meters  

ao.337 
59.6*4 

±0.061 
±o.iao 

a.  300 
4.957 

±0.043 
±0.085 

IX. 309 
8.313 

±0.  2t6 

Percentage  of  intemodes  below  the  ear. 

±0.143 

Length  of  ear  in  centimeters  at  appear- 
ance of  silks 

83. 010 
9.034 

ito.ixS 
±o.o83 

3.337 
3 .499 

±o.o8x 
±0.059 

14.502 
38.731 

±0.360 

Date  of  appearance  of  tassel 

±0 .  739 

Date  of  appearance  of  pollen 

8.  290 

±0.060 

2.481 

±0.043 

39.927 

±0.  553 

Date  of  appearance  of  silks 

9.906 

±o.o69 

a.  885 

±0.049 

29.123 

±0.534 

Duration  of  flowering  period  (pistillate 
flowers)  in  days 

8.405 

±0.12* 

1. 953 

±0.086 

23.224 

±i.o8a 

Weight  of  grain  and  diameter  of  stalk 

Weight  of  grain  and  length  of  leaf 

Weight  of  grain  and  breadth  of  leaf 

Weight  of  grain  and  height  of  mature  plants 

Weight  of  grain  and  height  of  seedlings 

Weight  of  grain  and  number  of  intemodes 

Weight  of  grain  and  average  length  of  intemodes 

Weight  of  grain  and  percentage  of  intemodes  below  the  ear 

Weight  of  grain  and  length  of  ear  at  appearance  of  silks. 

Weight  of  grain  and  date  of  appearance  of  tassel 

Weight  of  grain  and  date  of  appearance  of  pollen 

Weight  of  grain  and  date  of  appearance  of  silks 

Weight  of  grain  and  duration  of  flowering  period  (pistillate 
flowers)  in  days 

Weight  of  grain  and  nuinlier  <if  branches  in  the  tassel .  . 


Coefficient 

of 
correlation 


0.393 

o.  292 

0.314 

o.  203 

0.219 

o.2a8 

-0.004 

0.035 

0.218 

-0.1S3 

-0.090 

-o. 202 

-o . 046 

-o . 000 


±0.020 
±0.021 
±0.021 
±0.025 
±0.037 

±0.023 
±0.027 
±0.024 

±0.033 

±0.023 
±0.024 
±0.023 

±0.062 

±0.048 


Coefficient  of 
regression 
of  weight  of  grain 
relative  to 
the  second 
character 
mentioned 


IX. 985 

3.09s 

17.708 

4.352 

2.908 

10.376 

— 0.X07 

0.361 

4.1X3 

— a. 820 
— a. 260 
—4.351 

—1.333 
— 0.076 


±0.657 
±o.x63 
±i.aSS 
±0.540 
±0.504 
±1.050 
±0.710 
±0.303 
±0.635 
±0.431 
±0.601 
±0.507 

±1.8x3 

±0.411 
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In  those  cases  where  correlation  has  been  found  it  is  probable  that 
all  of  them  may  be  classed  as  variations  in  the  fluctuating  variability 
of  the  characters  concerned,  and  on  further  consideration  one  would 
put  most  of  them  in  the  class  of  environmental  correlations. 

An  approach  to  morphological  correlation  is  found  in  the  case  of 
the  correlation  between  yield  and  length  of  the  ear  at  the  appearance 
of  the  silks.  In  this  class  Webber  (29)  places  those  cases  in  which 
variation  in  one  character  is  the  primary  cause  of  variation  in  the  other, 
such  a  relation  as  exists  between  the  size  of  the  germ  and  the  oil  content 
of  the  com  kernel.     (Hopkins  14.) 

Length  of  ear  was  measured  by  determining  as  well  as  could  be  done 
the  length  of  the  cob  when  the  silks  appeared.  There  is  some  causal 
relation  between  the  length  of  the  ear  and  its  weight  as  has  been  shown 
by  Davenport  (7).  It  is  not  absolutely  necessary,  however,  that  the 
plants  which  bore  the  longest  cobs  at  that  period  should  yield  the  heaviest 
weight  of  grain,  as  a  plant  with  two  small  ears  may  yield  more  than 
another  with  one  large  ear. 

In  most  cases  the  coefficient  of  correlation  is  so  small  that  it  is  prob- 
ably not  worth  while  to  try  to  classify  it  or  even  to  conclude  that  there 
is  correlation. 

No  separate  types  were  found  in  any  of  the  characters  investigated, 
unless  height  of  plant  can  be  considered  an  instance.  But  the  two  modes 
in  the  curve  of  variation  in  this  character  are  hardly  distinct  enough  to 
justify  that  assumption.  Two  modes  are  also  apparent  in  the  frequency 
distribution  of  the  variation  in  the  height  of  the  seedlings,  but  there  are 
30  classes  and  only  300  individuals,  so  that  it  cannot  be  said  that  dis- 
continuous variation  exists  in  this  character  when  the  average  number 
of  individuals  per  class  is  only  ten. 

In  the  case  of  none  of  the  characters  discussed  above,  has  the  coefficient 
of  correlation  with  yield  been  found  sufficiently  great  to  be  of  much 
value  as  an  index  of  selection.  No  single  character  has  shown  itself 
so  closely  connected  with  yield  of  grain  as  to  stand  out  as  a  safe  guide 
to  the  breeder.  It  would  be  interesting,  however,  to  test  the  method  of 
selection  on  the  basis  of  correlation  by  using  those  characters  which 
show  the  highest  coefficient  of  correlation  with  yield,  such  as  diameter 
of  sfalk,  length  of  leaf,  breadth  of  leaf  and  height  of  plant,  both  singly 
and  in  combination,  and  compare  the  results  of  such  selection  with  the 
usual  method  of  selecting  high-yielding  plants  after  maturity,  following 
the  natural  open-fertilization. 
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In  order  to  test  the  value  of  these  correlations  a  number  of  plants 
which  have  the  thickest  stalks,  for  example,  should  be  picked  out  in 
the  field  by  inspection  before  flowering  time  and  bagged  so  as  to  prevent 
open-fertilization.     When  the  flowers  are  ripe,  they  should  be  inter- 
crossed by  hand  and  the  resulting  seed  should  be  planted  in  ear-rcw 
tests  and  compared  in  that  way  with  ears  taken  from  high-)delding 
plants  which  have  been  selected  at  maturity  because  of  high  yield,  but 
which  have  been  naturally  fertilized.    This  would  give  a  practical  test 
of  the  value  of  the  correlations.    Each  of  the  four  characters  mentioned 
above,  diameter  of  stalk,  length  of  leaf,  breadth  of  leaf,  and  height  of 
plant,  are  probably  closely  enough  associated  with  yield  to  justify  their 
being  tested  in  this  connection. 

A  fifth  experiment  should  be  run  which  would  test  the  plants  selected 
by  a  combination  of  these  four  characters,  that  is,  by  using  plants  for 
parents  which  have  thick  stalks,  long  leaves,  broad  leaves  and  tall  stalks 
if  such  can  be  found. 

The  degree  of  correlation  that  would  be  of  value  in  selection  cannot  be 
given  as  a  very  definite  figure.  East  (lo  and  11)  beUeves  that  the  lower 
limit  is  0.50.  It  would  have  to  be  considerably  greater  to  be  of  much 
value  in  breeding,  as  he  states.  '  The  coefficient  might  be  of  some  assist- 
ance to  the  breeder  in  making  preliminary  selections  at  a  not  much 
greater  figure  than  that,  but  such  selections  could  not  be  final  and  there 
would  be  great  danger  of  missing  good  individuals  in  which  the  character 
used  for  selection  might  not  be  highly  developed,  as  would  be  judged 
by  an  inspection  of  even  those  tables  showing  the  highest  correlation. 

No  experimental  evidence  is  available  regarding  the  effect  of  the 
selection  of  one  character  on  a  correlated  character.  In  cases  of  gametic 
coupling,  this  will  depend  upon  the  Mendelian  formula,  but  so  far  as 
correlation  in  the  quantitative  expression  of  characters  is  concerned,  it 
will  be  necessary  to  conduct  experiments  before  it  will  be  possible  to 
state  how  much  modification  can  be  effected  in  the  expression  of  a 
correlated  character  by  selection.  Data  should  be  kept  on  the  variation 
in  the  two  characters,  and  the  effect  of  the  selection  on  the  value  of  the 
regression  coefficient  will  serve  to  indicate  how  much  the  selection  of  the 
one  character  is  affecting  the  correlated  character.  Before  this  is 
determined  it  will  not  be  safe  to  state  just  what  will  be  the  fninimum 
degree  of  association  that  can  be  used  for  selection. 

If  a  strain  should  be  produced  by  the  method  suggested  above  which 
would  prove  to  possess  superior  yielding  power,  a  certain  amount  of 
close  breeding  would  be  required  to  keep  the  strain  pure.  The  progeny 
of  the  plants  crossed  by  hand    would  probably  have  to  be  bred  inter  se 
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or  allowed  to  fertilize  with  the  progeny  of  similar  crosses  between  original 
parent  plants  selected  in  the  same  way,  in  order  to  keep  the  quality  of 
high  yield  pure.  New  * 'blood"  could  be  brought  in  in  this  way  for  a 
few  generations,  but  such  a  system  would  have  to  rely  on  close  breeding 
^within  the  strain  being  bred,  as  is  done,  more  or  less,  in  all  of  the  methods 
of  "pedigree"  corn-breeding  now  in  vogue.  Evidence  is  accumulating, 
however,  to  show  that  this  inbreeding,  or  narrow  breeding,  is  injurious, 
stud  that  continued  progress  is  not  likely  to  follow,  while  an  actual  loss 
of  vigor  may  result. 

When  this  work  was  first  undertaken,  it  had  not  been  shown  conclu- 
sively by  experiment  that  the  progeny  of  an  individual  com  plant 
naturally  fertilized  would,  when  allowed  to  breed  together,  show  in 
later  generations  a  decrease  of  vigor  or  fertility  such  as  has  been  long 
observed  to  take  place  when  the  parents  of  each  generation  were  self- 
fertilized.  Recent  investigation  has  thrown  new  light  on  the  question 
of  inbreeding  in  corn,  and  may  cause  a  modification  in  the  practice  of 
seed-com  production. 

Shull  (20)  has  advanced  the  hypothesis  that  the  matters  of  vigor  and 
fertility  are  somewhat  related  to  and  dependent  on  the  gametic  compo- 
sition of  the  individual  and  has  brought  forward  strong  experimental 
evidence  in  support  of  his  theory.  In  this  he  is  sustained  by  East, 
who  has  also  reported  very  striking  experiments  of  the  same  nature. 
Shtdl  maintains  that  ordinary  fields  of  com  contain  a  mixture  of  types 
which  are  constantly  intercrossing,  so  that  many  of  the  plants  are 
heterozygous.  He  has  brought  forward  experimental  evidence  to  show 
that  the  decrease  in  vigor  and  yield  which  is  observed  in  the  progeny 
of  com  when  self-fertihzed  is  not  a  real  degeneration  or  continuous 
retrogression,  but  is  due  to  the  elimination  of  crossing  between  different 
types. 

The  effect  of  inbreeding  or  of  self-fertilization  when  operating  in 
hybrids  is  rapidly  to  decrease  the  number  of  heterozygous  individuals 
produced  and  to  increase  the  number  of  homozygotes  resulting  in  each 
generation.  This  has  been  well  illustrated  diagrammatically  by  Spillman 
(23).  Shull  claims  that  the  effect  of  self-fertilization  in  corn  is  to  isolate 
the  pure  types  whose  characters  had  previously  existed  in  the  population 
in  various  hybrid  combinations.  That  there  are  distinctly  different 
types  of  plants  in  an  ordinary  com  field  is  apparent  to  any  observer 
and  all  corn  breeders  know  that  the  characters  which  distinguish  certain 
types  are  inherited  by  all  or  a  part  of  the  progeny  of  these  plants.  It 
is  likewise  a  well-recognized  fact  that  in  many  groups  of  plants  and 
animals,  the  hybrids  between  closely  related  species  or  between  biotypes 
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are  more  vigorous  and  fertile  than  the  parental  types.  This  has  been 
well  shown  to  be  the  case  in  corn  by  Shull  and  by  East  and  by  McCluer 
in  1892,  and  by  Morrow  and  Gardner  in  1893.  The  last  two  found  that 
crosses  between  different  varieties  exceeded  the  average  of  the  parent 
varieties  by  9.5  bushels  in  the  five  tests  made,  and  they  suggested  a 
method  of  securing  cross-bred  seed  for  the  general  crop. 

On  the  basis  of  these  facts,  it  seems  legitimate  to  conclude  that 
we  have  in  an  ordinary  field  of  com  plants  all  degrees  of  heterozygosis 
and  that  self-fertilization  reduces  the  amount  of  heterozygosis  and  grad- 
ually produces  pure  types,  and  that  with  this  change  from  heterozygous 
to  the  homozygous  state  the  vigor  due  to  hybridization  which  char- 
acterizes an  ordinary  population  is  lost. 

Shuirs  hypothesis  (21)  is  well  summarized  by  him  in  the  following 
paragraph : 

**  The  obvious  conclusion  to  be  reached  is  that  an  ordinary  com 
field  is  a  series  of  complex  hybrids  produced  by  the  combination  of 
numerous  elementary  species.  Self-fertilization  soon  eliminates  the 
hybrid  elements  and  reduces  the  strain  to  its  elementary  components. 
In  a  comparison  of  a  self-fertilized  strain  with  a  cross-fertilized  strain 
of  the  same  origin,  we  are  not  dealing,  then,  with  the  effects  of  cross- 
and  self-fertilization  as  such,  but  with  the  relative  vigor  of  biotypes 
and  their  hybrids.  The  greater  vigor  of  the  cross-fertilized  rows  is  thus 
immediately  brought  into  harmony  with  the  almost  universal  obser- 
vation that  hybrids  between  nearly  related  forms  are  more  vigorous 
than  either  parent." 

As  a  practical  application  of  this  hypothesis,  he  suggests  the  isolation 
of  as  many  biotypes  as  possible  or  practicable  to  be  grown  in  the  pure 
state,  then  crossed  ^dth  each  other  in  all  possible  combinations  in  order 
to  find  the  combination  which  possesses  the  greatest  pelding  power. 
When  this  is  found,  it  is  proposed  to  grow  the  two  parental  strains  pure 
and  separate  and  to  plant  rows  of  these  together  alternately,  with  the 
rows  of  the  one  or  the  other  detasseled,  the  seed  from  the  detasseled 
rows  to  be  used  for  planting  the  general  crop.  By  using  seed  produced 
according  to  this  method  the  commercial  crop  would  be  made  to  consist 
only  of  first  generation  hybrids. 

This  method  of  corn-breeding  would  be  decidedly  different  from  the 
one  generally  practiced  now,  the  one  which  it  was  hoped  might  be 
improved  by  a  knowledge  of  correlations.  The  principal  objection 
to  the  method  now  followed  is  characterized  by  Shull  as  follows: 

"  The  fundamental  defect  in  every  scheme  of  corn-breeding  which 
stimulates  the  isolation  methods  of  the  breeder  of  small  grains,  lies 
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in  the  fact  that  there  is  no  intelligent  attempt  in  these  methods  to 
determine  the  relative  value  of  the  several  biotypes  in  hybrid  com 
biftation,  but  only  in  the  pure  state." 

It  is  stated  by  Cook  (5)  and  also  by  Collins  (4)  that  the  Indians  of  a 
certain  tribe  in  Western  Guatemala  have  realized  this  principle  since  pre- 
historic times  and  follow  the  practice  of  planting  three  different  types 
of  com  together  for  their  general  crop,  believing  that  the  yields  obtained 
in  this  way  are  larger  than  could  be  secured  by  growing  single  types 
separately. 

It  is  Shuirs  opinion  that  in  selecting  the  most  vigorous  and  fertile 
individuals  to  be  tested  and  bred  from,  according  to  the  method  now 
followed,  the  breeder  is  choosing  those  plants  which  are  hybrids,  com- 
prising in  their  gametic  composition  the  best  heterozygote  combination. 
It  is  difficult  to  explain  why  we  should  have  such  an  .increase  of  vigor 
in  first  generation  hybrids.     If  it  is  due  to  the  combination  of  certain 
unit  characters  whigh  meet  in  the  hybrid,  it  is  probable  that  this  com- 
bination is  a  more  efficient  composition  than  existed  in  the  parental 
forms,  resulting  in  such  an  interaction  of  bodily  functions  that  the 
metabolism  of  the  new  organism  is  so  affected  as  to  enable  it  to  make  a 
more  efficient  use  of  nutrition  than  could  be  made  by  the  former  com- 
binations, and  that  after  segregation  takes  place  the  same  combinations 
will  exist  in  later  generations  in  only  a  few  of  the  offspring. 

The  intensification  of  characters  on  crossing  is  not  due  simply  to  the 
hybridization,  for  in  many  cases  hybridization  results  in  a  loss  of  vigor 
or  in  sterility  when  the  forms  crossed  may  be  of  the  same  systematic 
relation  to  each  other  as  two  others  whose  crossing  will  result  in  a  con- 
siderable increase  of  vigor. 

Balls  (i),  who  has  studied  the  intensification  due  to  hybridization  in 
cotton,  states  that  the  phenomenon  is  not  due  to  heterozygosis  alone 
He  found  that  length  of  lint  which  had  regressed  to  the  normal  length 
in  the  Fa  from  the  intensified  length  of  Ft  proved  to  be  heterozygous 
in  the  F«  generation. 

The  same  writer  plotted  correlation  tables  for  80  individuals  of  the 
F«  generation  in  order  to  find  out  whether  the  intensification  affecting 
certain  characters  would  be  accompanied  by  a  similar  intensification 
of  the  other  characters  affected  in  the  Ft  generation.  He  found  that  no 
correlation  existed,  but  the  several  characters  regressed  or  remained 
intensified  independently  of  each  other. 

If  this  statement  by  Balls  is  of  general  application  and  if  high  3deld 
in  com  is  a  quality  dependent  on  the  gametic  ^constitution  of  the  indi- 
vidual  or  the  degree  of  heterozygosis,  it  is  not  surprising  that  in  a  large 
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population  of  com  which  is  probably  very  diverse  as  to  the  degree  of 
hybridity  of  the  individuals,  that  in  a  statistical  study  we  should  not  find 
high  yield  coupled  with  an  intensification  of  other  characters.  Such 
a  state  of  affairs  would  be  entirely  in  accord  with  the  condition  reported 
by  Balls  in  which  he  found  no  correlation  between  the  intensification 
affecting  the  various  characters  studied  in  his  Fa  generation  cotton 
hybrids. 

CONCLUSION 

Considerable  study  of  the  subject  has  forced  upon  the  writer  the 
belief  that  it  is  improbable  that  much  use  can  be  made  of  correlation 
in  practical  breeding.  There  are  rare  cases  in  which  the  coupling  of 
unit  characters  may  assist  the  breeder  in  making  selections  at  an  early 
period,  but  the  existence  of  correlation  in  the  fluctuating  variability 
ol  +WO  different  characters  is  not  likely  to  prove  of  much  assistance. 
Nothing  more  than  a  moderate  degree  of  correlation  is  likely  to  be 
found  in  these  cases,  unless  some  such  relation  as  cause  and  effect  exists 
between  them.  This  is  especially  true  of  correlation  between  seed 
production  and  other  characters,  since  the  former  probably  depends 
upon  a  large  number  of  other  characters  and  conditions. 

Furthermore,  after  a  consideration  of  the  work  of  ShuU  and  others, 
it  seems  probable  that  improvement  in  the  yield  of  com  may  be  effected 
more  rapidly  by  following  lines  of  breeding  suggested  by  him  than 
could  be  attained  by  isolating  high-yielding  strains  and  keeping  them 
pure. 

It  is  interesting,  however,  to  know  the  extent  of  correlation  between 
important  characters  even  if  this  knowledge  may  not  be  of  assistance 
in  selection,  and  we  need  to  know  the  extent  of  regression  of  one  char- 
acter relative  to  a  correlated  character  when  the  latter  is  under  selection 
through  successive  generations. 
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AUTHOR'S  NOTE 

Ithaca,  N.  Y.,  January  23,  1910. 

Director  L.  H.  Bailey,  College  of  Agriculture,  Ithaca,  X.  V.: 

Dear  Sir  —  In  accordance  with  the  terms  of  the  Industrial  Fellowship 
agreement  with  the  Niagara  Sprayer  Company  of  Middleport,  N.  Y.,  I 
beg  to  submit  herewith  the  third  report  of  work  with  the  recommendation 
that  it  be  published  as  Bulletin  288. 

The  work  has  been  done  by  Errett  Wallace,  Fellow,  and  represents 
investigations  extending  over  the  years  1909  and  19 10.  During  the  season 
of  1909,  the  work  was  performed  in  the  orchards  of  L.  B.  Frear  of  Ithaca, 
N.  Y.,  to  whom  we  are  indebted  for  liberal  cooperation.  In  1910,  the 
experiments  were  located  near  Sodus,  N.  Y.,  and  it  is  a  pleasure  to 
acknowledge  the  hearty  cooperation  of  the  fruit-growers  of  Sodus, 
especially  B.  J.  Case,  Henry  Baxter,  Daniel  Legasee,  Paulus  Johnson,  Mr. 
Darling,  and  Mr.  DeWright,  who  allowed  the  use  of  their  orchards  and 
buildings  for  experimental  purposes  and  very  liberally  aided  the  investi- 
gation in  every  way  possible. 

Due  mention  should  be  made  of  the  fruit-growers  of  Wolcott,  N.  Y., 
who,  largely  through  the  instrumentality  of  Edward  T.  Brown,  have 
cooperated  very  heartily.  In  1909,  some  of  the  experiments  on  peach 
foliage  were  performed  by  D.  H.  Ayers,  of  Trumansburg,  N.  Y.,  who 
spared  neither  time  nor  trouble  in  promoting  the  work.  Mr.  Wallace 
was  assisted  in  some  of  the  field  and  laboratory  work  by  F.  M.  Blodgett, 
Lex  R.  Hesler,  P.  J.  Anderson,  and  W.  H.  Rankin. 

Respectfully  submitted, 
(Signed)  H;  H.  Whetzel, 

Professor  of  Plant  Pathology, 

LIO^j 


Digitized  by  VjOOQIC 


CONTENTS 


PAGE 

Preliminary    discussion    105 

Types   of    injury    106 

Spray  injury  recorded  by  other  investigators 109 

Factors  that  may  or  may  not  influence  spray  injury: 

Climatic  conditions  no 

Concentration  and  method  of  application 1 16 

Combining  arsenicals  with  lime-sulfur  preparations 118 

Effect  of  adding  lim^  or  sediment  to  lime-sulfur  solution 120 

Effect  of  precipitation  by  carbon  dioxid  on  the  lime-sulfur  solution 120 

Effect  of  apple  scab  infections  previous  to  time  of  application,  etc 123 

Health  and  vigor  of  tree  127 

Varietal  susceptibility    127 

Spray  injury  on  peach  foliage  128 

Experiments  on  peach  foliage  at  Trumansburg,  1909 129 

Experiments  on  peach  foliage  at  Sodus,  1910 130 

Russeting    of    apples 13' 

Remarks    and    conclusions I35 

I104J 


Digitized  by  VjOOQIC 


SPRAY  INJURY  INDUCED  BY  LIME-SULFUR 
PREPARATIONS 

PRELIMINARY  DISCUSSION 

During  the  autumn  and  winter  of  1909,  there  was  considerable  agitation 
concerning  the  use  of  lime-sulfur  preparations  as  substitutes  for  bordeaux 
mixture  in  the  control  of  fungous  diseases  of  plants.  On  apples  espe- 
cially, during  that  and  the  previous  season,  results  of  experiments  by 
Cordley  ('10),  Scott  ('10),  Beattie  ('ck;),  and  Wallace  ('10),  indi- 
cated strongly  that  lime-sulfur  solution  properly  used  had  certain  advan- 
tages over  bordeaux  mixture.  Although  at  that  time  we  did  not  care 
to  make  positive  recommendations  or  guarantee  results,  yet  many  growers 
ventured  to  use  lime-sulfur  solution  as  a  summer  spray  the  past  season 
(1910).  In  connection  with  our  own  experiments,  which  were  carried 
on  at  Sodus,  N.  Y.,  an  attempt  has  been  made  to  get  together  all  the 
data  possible  on  injury  to  fruit  and  foliage  by  both  bordeaux  and  lime- 
sulfur  preparations.  While  the  majority  of  growers  thus  far  seem  well 
satisfied  with  the  results,  we  have  received  occasional  complaints  of 
foliage  injury  and  even  of  some  fruit  injury. 

It  is  true  that  under  certain  conditions  lime-sulfur  solution  used  on 
apple  foliage  will  cause  quite  objectionable  and  even  serious  injury. 
It  is  also  true  that  it  can  be  used  in  a  way  that  will  be  effective  without 
material  injury.  In  our  experimental  spraying  plats,  lime-sulfur  properly 
used  controlled  apple  scab  and  the  foliage  remained  as  healthy  as  could 
be  desired.  There  was  some  slight  spotting  which  appeared  soon  after 
the  applications  and  which  the  trees  soon  outgrew. 

Messrs.  Case,  Baxter,  and  others  in  the  vicinity  of  Sodus  and  in  many 
other  parts  of  the  state,  have  sprayed  their  trees  on  a  commercial  scale, 
using  lime-sulfur  solution,  with  good  results.  Some,  on  the  other  hand, 
report  serious  injury.  Why  this  difference  in  results?  The  writer  has 
visited  many  of  these  orchards  and  believes  that  in  most  cases  he  has 
been  able  to  locate  with  some  certainty  the  cause  or  conditions  favoring 
the  injury.  Some  of  the  conclusions  are  based  on  circumstantial  evi- 
dence and  cannot  yet  be  considered  as  demonstrated.  On  some  points, 
indeed,  we  hardly  dare  draw  conclusions  and  can  only  point  out  such 

Cog)  Beattie.  R.  K.     Western  Fruit  Grower.  Jan.  ux^fy-j. 
fio)  Cordley.  A.  !».     Oregon  Agr.  Exp.  Sta.  lUil.   108:16.     ujio. 
Cio)  Scott,  W.  M     V.  S.  I).  A..  P,u.  PI.  Ind.  Cir.  54:3-»5.     lOio. 
Cio)  Wallace,  E.     Western  Fruit  Grower,  Jan.   1^10:24-25. 
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evidence  as  is  available.  One  thing  is  clear,  foliage  injury  occurs  much 
more  abundantly  at  some  times  than  at  others.  This  is  not  a  matter 
of  chance.  There  are  reasons  for  all  things,  although  sometimes  the 
reasons  may  be  obscure. 

TYPES  OF  INJURY 

Before  going  further  with  our  main  topic,  it  is  necessary  to  describe 
briefly  some  types  of  injury.  Several  types  have  been  observed,  varying 
mainly  with  the  method  of  application  and  the  condition  of  the  leaf. 
Perhaps  the  most  common  type  is  the  dull  brown  six)tting  or  marginal 
and  tip  burning  which  occurs  where  hanging  drops  of  the  solution  have 
gradually  become  more  concentrated  during  the  drying  process.  This 
is  most  likely  to  occur  at  the  tips  (Fig.  61)  or  margins  of  the  leaves, 
where  drops  are  most  likely  to  form.  In  the  case  of  spotting  at  or  near 
the  central  part  of  the  leaf,  it  will  usually  be  noted  on  careful  examina- 
tion that  previous  injury  by  fungi  or  insects  has  made  possible  the 
entrance  of  the  spray  to  the  inner  and  more  tender  tissue  (Fig.  62).  This 
is  often  due  to  previous  infection  by  the  scab  fungus,  which  in  many 
cases  can  be  seen  as  a  black  spot  in  the  center  of  the  dead,  brown,  quite 
sharply  defined  area  burned  by  the  spray.  In  cases  in  which  the  fungus 
has  infected  almost  the  entire  leaf  surface,  which  was  a  common  occur- 
rence this  season,  the  whole  leaf  would  be  scorched  to  a  crisp,  leaving 
darker  spots  where  the  fungus  was  old  and  pronounced  enough  to  be  in 
evidence  and  showing  only  the  spray  injury  where  the  scab  was  not  yet 
noticeable. 

In  another  type  of  injury  which  usually  follows  drenching  of  the 
foliage,  large  areas  or  entire  leaves  may  be  burned.  In  any  case,  the 
injury  appears  soon  after  the  application,  usually  in  three  or  four  days. 
This  indicates  that  it  occurs  while  the  spray  is  in  the  soluble  form.  It 
differs  from  bordeaux  injury,  which  may  not  appear  at  all  until  several 
weeks  have  passed.  Bordeaux  injury  may  appear  as  very  small  spots 
which  gradually  enlarge,  forming  more  or  less  subcircular  or  irregular 
brown  areas,  or  the  injured  areas  may  be  full  sized  at  their  first  appear- 
ance (Crandall  ^09).  The  writer  is  convinced  that  in  case  of  lime- 
sulfur  injury  the  burned  areas  do  not  materially  enlarge  in  size,  at  least 
for  more  than  a  very  short  time  after  their  first  appearance. 

These  points  suggest  a  marked  difference  in  the  action  of  lime-sulfur 
solution  and  lx)rdeaux  mixture  in  causing  the  injury,  which  is  readily 
explainable  when  the  chemical  properties  of  the  two  preparations  are 

('09)   Crandall,  C.  S.     111.  Agr   Exp.  Sta.  Bui.  135:220-223.     1909. 
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borne  in  mind.  In  case  of  bordeaux,  the  copper,  which  is  the  active 
agent,  is  appHed  in  the  insoluble  (hydroxide)  form  which  is  incapable 
of  causing  injury  until  in  some  way  made  soluble  by  atmospheric  action, 
and  possibly  by  other  agencies  such  as  leaf  secretions,  etc.*  Therefore, 
the  time  of  appearance  and  the  extent  of  bordeaux  injury  is  dependent 
on  weather  conditions.  The  agent  active  in  causing  lime-sulfur  injury 
is  doubtless  the  soluble  sulfur  in  the  form  of  a  calcium  sulfid  and  is 
applied  as  such.  According  to  Haywood  ('07),  it  remains  in  the  soluble 
form  but  a  short  time.  The  injury  then  is  very  probably  caused  at  once 
while  the  spray  is  drying  and  appears  at  its  worst  about  one  week  after 
the  application.  This  action  is  doubtless  favored  by  the  concentration 
of  the  solution  as  the  drops  dry  out. 

With  these  points  in  mind,  we  are  in  a  position  to  consider  the  factors 
which  may  influence  injury  one  way  or  another.  This  is  the  question 
of  greatest  economic  importance,  since  the  grower  wishes  to  know  how 
to  use  the  spray  effectively  with  the  least  possible  injury  to  fruit  and 
foliage.  Theories  have  been  advanced  and  conjectures  made,  some  of 
which  are  supported  by  but  slight  evidence.  It  is  true  that  many  con- 
flicting results  have  been  obtained.  Some  cases  apparently  of  unexplain- 
able  variation  have  occurred.  Many  have  attributed  the  injury  to  the 
weather  at  the  time  of  or  after  application.  Knowing  this  to  be  the  most 
important  factor  influencing  bordeaux  injury,  it  is  quite  natural  that 
many  should  jump  at  this  conclusion  with  reference  to  lime-sulfur. 

After  considering  the  principles  of  the  action  of  lime-sulfur  injury  as 
compared  with  that  of  bordeaux,  as  stated  above  (p.  106),  it  is  plain 
that  we  cannot  draw  conclusions  concerning  lime-sulfur  injury  from  what 
we  know  about  that  caused  by  bordeaux.  We  are  dealing  with  different 
chemicals  in  the  two  cases,  whose  properties  are  not  at  all  similar.  The 
problem  is  therefore  a  new  one.  We  cannot  generalize  and  study  "  spray 
injury.*'  We  must  study  lime-sulfur,  bordeaux,  arsenical  injury,  each 
individually.  As  a  matter  of  fact,  the  discussion  of  this  factor,  later  in 
the  text  (pp.  110-113),  shows  that  we  were  unable  from  our  experiments 
and  observations  to  correlate  weather  conditions  with  lime-sulfur  injury. 
Other  factors,  such  as  the  method  of  application,  the  condition  of  the 
trees  or  foliage  at  or  previous  to  the  time  of  application,  the  arsenical 

*  For  further  consideration  of  this  point  the  reader  is  referred  to  the  following : 
('96)  Swingle,  D.  B.    U.  S.  D.  A.,  Div.  Veg.  Phys.  &  Path.  Bui.  9:20.     1896. 


(;o2>  Clark,  J.  F.    Bot.  Gaz.  33  :26-48.     IQ02. 

"  2)  Bain,  S.  M.    Tenn.  Agr.  Exp. 

('04)  Schander,  R.     Landwirtschattliche  Jahrbiicher  33:462.     1904. 


*'o2)  Bain,  S.  M.    Tenn.  Agr.'Exp.  Sta.  Bui.  Vol.  XV,  No.  2:42-53.     1902. 


('07)  Hedrick»  U.  P.    _N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bui.  287:148-151.     1907. 


,    _   Crandall.  C  S.    III.  Agr.  Exp.  Sta.  Bui.  135:200-206.    1909. 
('07)  Haywood,  J.  K    U.  S.  D.  A.,  Bu.  Chem.  Bui.  lox  :x8-2X.    1907 
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used  with  the  Hme-sulfur,  etc.,  we  believe  to  have  much  greater  influence 
in  this  connection.  A  very  important  factor  is  tlie  method  of  application. 
Drenching  of  the  fohage  is  very  hkely  to  cause  burning,  though  the  solu- 
tion used  may  be  weak.  It  is  also  true  that  in  case  of  leaves  previously 
attacked  by  the  scab  fungus  and  probably  injured  by  insect  stings  or  bites, 
the  spray  is  admitted  to  the  interior  of  the  leaf  much  more  readily  than  to 
sound  healthy  leaves. 

The  question  of  combining  arsenicals  with  the  fungicide  is  of  no  less 
importance.  Here  again  we  cannot  rely  on  our  knowledge  of  the  use  of 
these  poisons  with  bordeaux.  The  fact  that  arsenite  of  lime  and  paris 
green  can  safely  be  used  with  bordeaux  is  no  criterion  for  their  use  with 
lime-sulfur.  Certain  quite  complicated  reactions  occur  when  these  sub- 
stances are  combined  with  lime-sulfur  and  the  results  are  very  different. 
Arsenate  of  lead  is  the  only  poison  now  known  that  can  safely  be  used 
for  this  purpose.  These  and  other  factors  which  may  or  may  hot  influ- 
ence lime-sulfur  injury  are  discussed  at  greater  length  in  the  following 
pages. 

We  have  thus  far  considered  only  injury  to  apple  foliage,  since  it  con- 
stitutes the  most  important  phase  of  our  subject.  Later  in  the  text  we 
shall  also  discuss  briefly  the  possibility  of  injury  to  fruit  of  the  apple 
and  foliage  of  the  peach  (p.  128)  and  the  pear  (p.  127).  If  fruit  injury 
by  lime-sulfur  is  at  all  possible,  it  is  at  most  of  very  minor  importance 
as  compared  with  that  caused  by  bordeaux.  Many  cases  of  russeting 
attributed  to  lime-sulfur  have  been  proved,  by  the  presence  of  an  equal 
amount  of  russeting  on  unsprayed  trees  in  the  same  orchards,  to  be  due 
to  other  causes,  doubtless  to  certain  weather  conditions. 

Peach  foliage,  as  is  well  known,  is  much  more  tender  than  that  of  the 
apple.    It  is  very  easily  injured,  even  by  very  dilute  solutions  of  soluble 
sulfur.    The  difficult  problem  of  a  summer  spray  for  peaches  will  prob- 
ably be  solved  by  some  method  of  applying  sulfur  to  the  tree   in   an 
insoluble  form.    Good  results  have  been  obtained  in  Georgia  by  Scott  and 
Ayres   ('10),  with  self-boiled  lime-sulfur.     In  our  work  at  Sodus  the 
past  summer  we  were  able  to  spray  peach  trees  with  commercial  Hme- 
sulfur  solution  diluted  1-30  by  applying  it  with  the  carbonic  acid  gas 
sprayer,  allowing  the  gas  to  stand  in  contact  with  the  solution  about 
one-half  hour  before  starting  to  spray.     This  precipitated  practically  all 
the  soluble  sulfur  and  no  foliage  injury  resulted  from  the  use  of  lime- 
sulfur  alone.    When  the  trees  were  treated  in  this  way  with  arsenate  of 
lead  added  very  severe  arsenical  injury  resulted  (see  page  130). 

Cio)    Scott,  W.  M.  and  Ayres,  T.  W.     U.  S.  D.  A.,  Bu.  PI.  Ind.  Bui.  174 -'J- 
31.    1910. 
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spray  injury  recorded  by  other  investigators 

A.  B.  Cordley  ('08)  was  the  first  to  use  lime-sulfur  solution  on  a 
commercial  scale  as  a  summer  spray  for  fungous  diseases,  although  such 
a  preparation  is  reported  by  Scribner  ('86).  On  page  16  of  Oregon 
Experiment  Station  Bulletin  108  Cordley  ('10)  states,  "As  a  summer 
spray  the  results  of  the  past  three  seasons'  work  at  the  Oregon  Experi- 
ment Station  prove  conclusively  that  when  properly  diluted  it  (lime- 
sulfur)  can  be  safely  used  upon  apple,  pear,  plum  and  prune,  potato, 
celery  and  other  hardy  plants  and  that  it  gives  better  results  in  con- 
trolling apple  scab  than  does  bordeaux,  which  has  been  the  standard 
spray  for  this  disease,  and  further  that  it  does  not  produce  the  dis- 
astrous spray  injury  to  the  fruit  which  is  so  common  and  often  serious 
when  bordeaux  is  used."  For  apple  scab  Cordley  recommends  a  dilution 
of  1-30  when  the  concentrate  tests  32°  Beaume. 

W.  M.  Scott  of  the  United  States  Department  of  Agriculture, 
Washington,  D.  C,  has  also  done  much  during  the  past  three  or  four 
seasons  to  further  our  knowledge  of  the  use  of  the  various  lime-sulfur 
preparations  as  summer  sprays.  He  was  the  first  to  use  the  self-boiled 
preparation,  which  he  has  since  demonstrated  to  be  effective  in  the  con- 
trol of  peach  rot  and  scab,  and  when  properly  prepared  to  be  perfectly 
harmless  to  the  most  tender  foliage.  This  author  ('09)  reports  having 
used  factory-boiled  lime-sulfur  diluted  1-75  on  peaches  with  serious 
results,  and  that  even  a  dilution  of  i-ioo  caused  some  injury.  On 
cherry,  1-40  caused  no  injury.  On  apples,  the  first  application  of 
1-20  scorched  the  young  leaves  badly,  while  1-25  caused  slight  burning 
around  the  edges  of  the  leaves.  The  fruit,  however,  was  smooth,  while 
the  bordeaux  russeted  it  quite  badly.  In  Nebraska,  on  Winesaps,  Scott 
used  6  ounces  of  paris  green  with  50  gallons  of  the  lime-sulfur  spray 
without  any  serious  results.  The  following  year,  however,  in  Virginia 
the  addition  of  paris  green  caused  serious  injury  on  all  varieties  except 
the  Winesaps.  Here  lime-sulfur  solution,  diluted  i^  gallons  to  50, 
and  having  added  2  pounds  of  arsenate  of  lead,  caused  but  very  slight 
injury,  while  a  2-50  dilution  caused  a  small  percentage  of  the  foliage  to 
drop.  Scott  also  notes  that  lime-sulfur  alone  was  more  injurious  than 
when  arsenate  of  lead  was  added.  In  Michigan,  the  2-50  dilution  alone 
caused  considerable  injury  after  the  second  application,  while  the  same 
concentration  with  lead  arsenate  caused  no  severe,  although  a  rather 

C86)  Scribner,  F.  L.      U.  S.  D.  A.,  Bot.  Div.  Bui.  11:26-27.    1886. 
C08)  Cordley,  A.  B.     Rural  New  Yorker,  March  7,  1908:202. 
(*09)  Scott  W.  M.    U.  S.  D.  A.,  Bu.  PL  Ind.  Cir.  27:7-15.     1909. 
('10)  Cordley,  A.  B.     Oregon  Agr.  Exp.  Sta.  Bui.  108  :i6.    1910. 
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objectionable  injury.  In  Arkansas,  a  1-30  dilution  with  arsenate  of  lead 
showed  no  serious  injury  after  the  third  application  on  June  2d,  but  after 
the  fifth  application  injury  increased  rapidly  (see  p.  119).  The  addition 
of  paris  green  proved  disastrous,  and  that  of  arsenite  of  lime  still  more 
so.  The  self-boiled  mixture  caused  no  injury.  Here,  again,  all  lime- 
sulfur  treated  plats  produced  smooth  and  more  highly  colored  fruit  than 
bordeaux,  which  caused  severe  russeting  and  also  considerable  foliage 
injury. 

Beattie    ('09,   '10)   of  Washington   State  reports  no  injury   from   a 
dilution,  even  as  strong  as  i-ii,  of  the  commercial  preparation  and  an 
equivalent  concentration  of  the  home-boiled  preparation.     Waite    ('10) 
reports  on  "  Experiments  on  the  Apple  with  some  New  and  Little  Known 
Fungicides,"  among  which  he  includes  several  modifications  of  the  self- 
boiled  lime-sulfur.     An  "  iron   sulphid "  preparation   made  by   adding 
iron  sulfate  to  the  self-boiled  mixture  "  was   absolutely  non-injurious  to 
apple  foliage,"  and  he  notes  that  the  foliage  on  trees  sprayed  with  this 
preparation  '*  had  particularly  dark  green  color  and  held  on  later  than 
any  other  leaves  in  the  orchard.    The  twigs  were  stockier  and  the  buds 
were  finer  and  plumper  than  on  any  other  plat."    The  fruit,  however,  he 
notes  was  slightly  greener  and  a  little  later  in  ripening  than  on  the  other 
plats.    A  copper  sulfid  was  prepared  by  adding  copper  sulfate  to  self- 
boiled  lime-sulfur.     This  caused  about  one-sixth  as  much  russeting  of 
fruit  as  standard  bordeaux,  and  very  slight  leaf  injury.    Another  copper 
sulfid  preparation  was  made  by  adding  commercial  lime-sulfur  solution  to 
bordeaux  mixture.    This  caused  quite  severe  leaf  injury  and  somewhat 
more  russeting  of  fruit  than  the  copper  sulfid  spray  made  with  the  self- 
boiled  mixture. 

FACTORS  THAT   MAY  OR  MAY  NOT   INFLUENCE  SPRAY  INJURY 

Climatic  conditions 

It  is  now  generally  known  that  certain  climatic  conditions  favor 
bordeaux  injury.  We  know  that  such  injury  is  more  likely  to  occur 
when  the  application  of  bordeaux  is  closely  followed  by  rain.  This  fact 
may  account  in  part  for  the  prevalent  opinion  that  the  variation  in  results 
with  lime-sulfur  solutions  is  due  largely  to  the  weather  conditions,  either 
at  the  time  of  or  after  the  application  is  made.  We  have  not  yet  suffi- 
cient evidence  to  convince  us  that  this  is  true.  As  to  what  influence 
the  weather  may  have  in  this  respect,  we  are  uncertain.    We  are  sure, 

Coq)  Seattle,  R.  K.    Western  Fruit  Grower,  Jan.  1909:6-7. 

('10)  Beattie,  R.  K.    Wash.  Agr.  Exp.  Sta.  Pop.  Bui.  28:1-4.    iQio. 

('10)  Waite,  M.  B.      U.  S.  D.  A.,  Bu.  PL  Ind.  Cir.  58:3-18-    iQio. 
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however,  that  other  factors  to  be  mentioned  later  in  the  text  are  of 
inore  importance  in  most  cases  of  leaf  injury.  Some  have  thought  that 
there  is  more  injury  when  the  application  is  made  during  wet  weather 
or  is  followed  by  wet  weather.  There  may  be  some  evidence  in  favor 
of  this  opinion  but  it  is  not  conclusive.  Throughout  the  season  a  careful 
weather  record  has  been  kept  and  in  the  following  table  we  have  at- 
tempted to  correlate  the  results  of  our  experiments  as  to  foliage  injury, 
with  these  weather  conditions.  The  table  shows  that  no  correlation 
could  be  established. 
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A  more  detailed  description  of  each  case  follows : 

Application  No.  i;  just  before  blossoms  opened 

Mr,  Legasee*s  orchard:  Sprayed  April  28th.  Qear  until  29th;  then 
rain  in  the  forenoon  and  afternoon,  about  .4  inches.  May  ist,  2nd,  3rd, 
cloudy  to  partly  cloudy  and  rain  every  day.  Orchard  in  good  vigor. 
Injury  very  slight.  Hardly  noticeable  except  on  limbs  very  heavily 
drenched.  Sprayed  May  4th.  Clear  until  the  8th ;  then  trace  of  rain  and 
cloudy  with  considerable  showers  9th  and  loth.    Injury  as  above. 

Mr.  Cases  orchard:  Sprayed  April  29th.  Light  showers  and  drizzly 
while  spraying,  not  hard  enough  to  wash  oflf  spray  until  dry.  Rained 
harder  in  afternoon.  Trees  vigorous.  No  appreciable  injury.  Perhaps 
very  slightly  more  than  in  Mr.  Legasee's  orchard, —  occasionally  a  few 
spotted  leaves.  On  bordeaux  trees  some  leaves  turned  yellow  and  fell 
off  after  several  weeks.    Not  serious. 

Mr.  Baxters  orchard:  Sprayed  same  day  as  Legasee's;  young  trees, 
vigorous,  sprayed  with  hand  pump.    Almost  no  injury. 

Mr.  Green's  orchard:  Sprayed  May  5th.  Xo  rain  until  the  8th.  Trace 
of  rain  on  the  8th  and  cloudy.  Quite  steady  showers  on  the  9th.  Not 
heavy  rain.  Sprayed  with  hand  pump.  Trees  in  poor  vitality,  foliage 
not  dark  green  as  in  other  orchards.  Slight  spotting  of  foliage  from  this 
application. 

Application  Xo,  2;  just  after  blossoms  fell 

Mr.  Legasee's  orchard:  Sprayed  May  24th  in  the  forenoon.  Rained 
about  4  P.  M.  and  very  heavy  rain  the  following  night  and  light  misty 
showers  next  forenoon.     Almost  no  injury,  occasionally  a  spot  burned. 

Mr,  Cases  orchard:  Sprayed  May  21st.  Some  rain  the  night  before; 
day  clear  and  slight  rain  the  22nd,  23rd  partly  cloudy,  and  24th  and  2Sth 
considerable  rain.  Injury  more  conspicuous  than  on  Mr.  Baxter's  or 
Mr.  Legasee's  trees. 

Mr.  Baxter's  orchard:  Sprayed  May  20th.  Day  cloudy  and  rain  about 
6  P.  M.  Rained  all  evening  and  some  in  night.  Light  rain  the  22nd. 
Practically  no  injury,  very  rarely  a  spot. 

East  of  creek  sprayed  May  2Sth.  Day  cloudy,  and  drizzling  showers 
in  forenoon.^  Previous  night,  heavy  rain.  May  26th  partly  cloudy,  27th 
occasionally  light  showers.  Very  slight  injury  except  on  one  tree  that 
had  not  received  application  No.  i.  This  tree  was  drenched  and  was 
quite  severely  burned. 

Mr.  Greens  orchard:  Sprayed  May  23rd.  Cloudy,  and  a  strong  south 
wind.    Rained  quite  heavily  next  day  about  4  P.  M.  and  was  cloudy  and 
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more  or  less  showery  the  24th,  25th,  27th,  with  rain  agaiq  the  evening 
and  night  following  the  29th.  Lime-sulfur  applied  with  hand  pump. 
Very  serious  burning;  leaves  of  many  branches  were  burned  and  brown 
in  a  week's  time.  Bordeaux  and  lime-sulfur  were  both  applied  the  25th. 
Slight  drizzling  rain  while  being  applied.  Lead  arsenate  and  lime-sulfur 
precipitated  by  gas  sprayer  caused  very  little  injury.  At  first,  very  rarely 
a  spot,  but  later  some  yellowing  of  the  leaves.  At  first,  bordeaux  injury 
did  not  appear  but  by  June  21st  about  one-half  of  the  foliage  had  turned 
yellow  and  much  of  it  had  dropped  off.  In  case  of  bordeaux,  the  injury 
seemed  to  increase  with  time,  while  the  lime-sulfur  injury  appeared  at  its 
worst  about  a  week  or  so  after  the  application  and  then  the  trees  recov- 
ered gradually.    Orchard  uncultivated;  trees  in  poor  vitality. 

Application  A^o.  3;  two  weeks  after  blossoms  fell 

Mr.  Legasee's  orchard:  Sprayed  June  8th.  Had  rained  considerable 
the  5th  and  6th ;  clear  and  fine  the  8th,  9th  and  icth.  There  were  heavy 
rains  the  night  following  the  loth  and  no  more  rain  for  several  days.  No 
noticeable  injury.     Slight  spotting  on  a  few  limbs  heavily  drenched. 

Mr.  Case's  orchard:  Sprayed  June  8th,  same  day  as  Mr.  Legasee's. 
Foliage  injury  slightly  more  noticeable  than  in  Legasee's  orchard,  but  not 
serious. 

Mr,  Baxter's  orchard:  Sprayed  June  13th.  No  rain  until  a  trace  on 
the  17th  and  27th.  Practically  no  injury  except  a  slight  amount  on  a  few 
trees. 

Mr.  Gr cell's  orchard:  The  third  application  of  lime-sulfur  was 
omitted  because  of  the  severe  injury  from  the  second. 

With  this  statement  of  facts,  we  should  prefer  that  the  reader  draw 
his  own  conclusions.  It  seems  that  we  are  not  able  from  these  experi- 
ments to  correlate  with  any  degree  of  certainty  foliage  injury  from  lime- 
sulfur  solution  with  any  particular  weather  conditions.  Practically  the 
only  case  of  severe  injury  occurred  in  the  "  Green  "  orchard.  This  was 
sprayed  during  fine  weather  with  considerable  rain  following  the  next 
two  or  three  days.  We  are  inclined  to  attribute  the  injury  in  this  case  to 
the  unhealthy  condition  of  the  trees  and  their  lack  of  vigor  to  resist  the 
caustic  action  of  the  spray.  (See  p.  127).  A  single  tree  in  Mr.  Baxter's 
orchard  sprayed  the  2Sth  was  quite  badly  burned,  while  the  others  in 
the  same  orchard  sprayed  the  same  day  from  the  same  tank  of  spray 
material  were  but  slightly  burned.  This  tree  had  not  received  the  early 
application  and  was  quite  heavily  drenched.     (See  p.  117). 
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The  above  table  shows  that  in  four  cases  rain  occurred  the  same  day 
the  application  was  made,  with  injury  varying  from  almost  none  to 
very  slight.  In  five  cases  rain  occurred  the  day  following  the  appli- 
cation of  the  spray.  In  four  of  these  the  injury  was  but  slight,  while 
one  plat,  in  which  the  trees  were  in  very  poor  vigor,  was  severely  in- 
jured. This  seems  to  furnish  no  evidence  in  favor  of  the  opinion  so 
prevalent  that  wet  weather  during  or  following  the  application  of  the 
spray  very  materially  favors  foliage  injury. 

While  our  observations  indicate  strongly  that  weather  conditions  im- 
mediately following  or  at  the  time  when  the  lime-sulfur  solution  is  ap- 
plied have  no  marked  effect  on  the  amount  of  foliage  injury,  it  is  quite 
probable  that  the  weather  conditions  throughout  the  season  previous  to 
the  time  of  spraying  may  have  much  influence  in  producing  foliage  that 
is  susceptible  or  resistant  to  spray  injury.  We  are  convinced  that  apple 
foliage  was  in  general  more  easily  burned  by  lime-sulfur  solution  this 
season  (1910)  than  last  (1909).  In  the  first  place,  the  wet  spring  of 
1910  was  much  more  favorable  for  fungous  infection,  and  this,  doubt- 
less, partly  accounts  for  the  greater  spray  injury  this  season.  (See 
p.  123).  According  to  Cordley  ('09)  it  is  possible  that  the  weather 
conditions  of  the  season  affect  the  leaves  physiologically  to  make  them 
more  or  less  resistant  to  injury.  Cordley's  data  seem  to  us,  how- 
ever, to  be  open  to  another  explanation.  (See  p.  126).  Anything  that  in- 
fluences the  nutrition  or  growth  of  the  tree  influences  the  physiological 
condition  of  the  leaves.  The  moisture  supply,  the  mineral  and  plant 
food  constituents  available,  the  temperature,  and  many  other  factors 
may  all  have  important  influences  in  producing  foliage  that  is  able  to  re- 
sist the  caustic  action  of  a  spray.  Here  the  subject  becomes  complex, 
and  we  know  almost  nothing  specific  as  to  what  influence  each  factor 
actually  has.  There  is  little  wonder  that  unexplainable  conflicting  re- 
sults are  reported  when  we  realize  that  the  leaves  of  no  two  trees  nor 
of  the  same  tree  in  two  seasons  are  alike  morphologically  or  physiolog- 
ically, and  that  we  know  almost  nothing  of  these  variations  and  the 
factors  which  induce  them. 

Concentration,  and  method  of  application 

There  is,  of  course,  a  limit  to  the  concentration  of  lime-sulfur  solution 
that  can  safely  be  used  on  foliage.  This  limit,  however,  is  not  so  sharply 
defined  as  is  often  supposed.  We  cannot  say  that  a  concentrate  testing 
33°  Beaume,  diluted  1-30,  will  cause  burning  of  apple  leaves  and  one 
diluted  1-40  will  not.     Other  factors  are  really  more  important  than 

('09)  Cordley,  A.  B.    Better  Fruit,  April  1909:33-35- 
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this.  We  have  sprayed  acres  of  apple  orchards  with  a  1-30  dilution 
without  any  serious  injury.  On  the  other  hand,  it  is  possible  to  cause 
burning  with  a  much  weaker  solution.  We  are  quite  sure  that  most 
growers  who  have  used  lime-sulfur  solution  during  the  current  season 
will' agree  that  the  method  of  application  has  much  to  do  with  results. 
If  the  nozzle  is  held  long  in  one  position  and  throws  a  coarse  spray, 
drenching  certain  branches,  there  is  likely  to  be  injury  whether  the  solu- 
tion is  strong  or  weak.  A  1-50  solution  applied  in  this  way  is  more 
likely  to  burn  than  a  1-30  properly  applied.  The  evidence  of  this  is  to  be 
found  in  almost  any  orchard  where  certain  limbs  have  been  over- 
drenched.  The  solution  collects  in  drops  on  the  foliage  and  burns  as  the 
drops  concentrate.  Do  not  interpret  this  to  mean  that  spraying  should 
be  less  thoroughly  done;  we  mean  only  that  it  should  be  more  evenly 
distributed,  coating  so  far  as  is  possible  every  part  but  not  over-drenching 
any  part  of  the  tree.  The  coating  of  spray  should  consist  of  very  fine 
drops  evenly  distributed  over  the  entire  surface.  If  the  application  is 
too  heavy,  these  drops  coalesce  to  form  large  ones  and  dripping  results. 
These  large  drops  also  collect  at  the  tips  and  around  the  margins  of 
the  leaves,  and  as  they  dry  the  solution  becomes  more  concentrated  and 
bums  (Fig.  61). 

The  proper  distribution  of  the  spray  can  best  be  obtained  by  using 
high  pressure  and  a  nozzle  having  a  small  hole.  Some  persons  may  con- 
sider it  necessary  to  use  a  coarse  spray  to  control  the  codling  moth,  but 
we  have  had  almost  perfect  results  in  using  a  fine  spray  with  high  pres- 
sure. It  is  a  common  practice  to  use  several  nozzles  on  one  rod.  The 
number  that  should  be  used  will  depend  on  the  size  of  the  holes,  the 
condition  of  the  orchard  as  to  crowding  of  trees,  and  the  quickness 
of  the  operator.  With  too  many  nozzles  in  a  crowded  orchard  where 
overarching  branches  interfere  with  free  motion  of  the  nozzle  from  one 
place  to  another,  one  is  sure  to  over-spray  certain  branches.  Much 
better  work  can  be  done  by  spraying  with  the  wind  from  both  sides  of 
the  tree.  It  is  easier  in  this  way  to  do  a  good  job  without  over-spraying 
any  part  than  by  trying  to  spray  both  sides  with  the  same  wind.  One 
should  not,  however,  wait  too  long  for  favorable  winds  and  thus  miss 
getting  the  spray  on  at  the  right  time,  which  is  the  most  important  factor 
in  controlling  the  scab  fungus. 

Foliage  tests  made  on  a  small  scale  are  likely  to  be  misleading,  owing 
to  the  difference  in  the  method  of  application.  Last  season  (1909),  pre- 
liminary to  experiments  on  peach  scab  and  rot,  we  made  tests  with  a 
hand  sprayer,  spraying  a  few  branches  only  with  each  preparation. 
Applied  in  this  way,  on  a  small  scale,  commercial  lime-sulfur  1-50  or 


Digitized  by  VjOOQIC 


ii8  BurxETiN  288 

even  stronger  seemed  to  cause  but  little  injury.  Later  this  same  concen- 
tration was  used,  making  a  thorough  application  with  a  power  sprayer. 
The  results  were  very  different.  Applied  in  this  way  even  a  dilution 
of  i-ioo  caused  quite  severe  injury,  with  about  one-third  to  one-half 
defoliation. 

Combining  arsenicals  with  lime-sulfur  preparations 

Most  arsenical  compounds,  when  mixed  with  lime-sulfur,  cause  a 
chemical  reaction,  changing  more  or  less  both  their  own  composition 
and  that  of  some  of  the  lime-sulfur  solution.  Some  react  rapidly,  others 
more  slowly.  In  some  the  reaction  seems  beneficial  and  in  others  in- 
jurious. Just  what  these  reactions  are  is  a  problem  for  the  chemist 
and  will  not  be  discussed  here  to  any  extent.  We  are  interested  here 
only  in  the  result  of  the  combination  as  to  its  effect  in  reducing  or  induc- 
ing foliage  injury. 

At  present  wx  know  of  but  one  arsenical  that  can  be  safely  used  with 
lime-sulfur  solution  on  apple  foliage  and  that  is  arsenate  of  lead.  This 
has  been  used  in  this  connection  for  the  past  three  or  four  seasons  with 
good  results.  In  fact,  reports  and  also  our  own  experiments  indicate  that 
to  some  extent  it  neutralizes  the  caustic  effect  of  lime-sulfur  solution. 
Scott  (*io)  reports  this  to  have  been  true,  while  paris  green  and 
arsenite  of  lime  used  with  lime-sulfur  solution  caused  serious  injury. 
Paris  green  was  used  in  his  experiments  in  Virginia,  Michigan,  and 
Arkansas.  He  reports  much  more  serious  injury  in  every  case  where 
arsenate  of  lead  was  used.  In  Virginia  and  Michigan,  lime-sulfur  alone 
was  used  and  caused  decidedly  more  injury  than  the  same  concentration 
with  arsenate  of  lead.  In  Arkansas,  arsenite  of  lime  was  used  with 
the  result  that  the  foliage  was  burned  to  a  crisp  after  the  first  applica- 
tion. In  these  experiments,  the  injury  from  lime-sulfur  and  arsenate  of 
lead  seemed  to  be  cumulative.  After  the  third  application,  which  was 
made  June  2nd,  no  serious  injury  w^as  apparent  but  it  increased  rapidly 
after  the  fifth  spraying. 

The  cumulative  nature  of  the  injury  and  its  continued  occurrence  for 
some  time  after  the  application  rather  suggests  a  similarity  to  the  phe- 
nomenon noted  in  connection  with  our  experiments  on  peach  foliage  de- 
scribed on  page  130,  in  which  case  the  burning  was  evidently  due  to 
arsenic  injury.  In  this  case,  we  notice  that  the  weak  lime-sulfur  with 
arsenate  of  lead  caused  no  injury  to  appear  until  more  than  a  month 
after  the  trees  were  sprayed.  At  that  time,  a  spotting  and  dropping  of 
the  foliage  occurred  which  resembled  in  character  that  found  much 
sooner  on  trees  sprayed  with  arsenate  of  lead  alone  (p.  130,  and  Figs- 

Cio)  Scott,  W.  M.    U.  S.  D.  A.,  Bu.  Pi.  Ind.  Bui  54:6-14.    191a, 
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65-67).  Might  it  not  be  possible  that  under  certain  weather  conditions 
sufficient  arsenic  would  be  thus  liberated  to  injure  apple  foliage?  If  so, 
this  would  be  a  case  in  which  arsenate  of  lead,  though  lessening  the  imme- 
diate injury  caused  by  lime-sulfur  solution,  later  caused  arsenical  injury. 
This,  however,  we  believe  would  not  often  occur  on  apple  foliage  and 
perhaps  only  when  a  large  number  of  applications  are  made.  In  our 
work  this  summer,  pear  trees  sprayed  with  lime-sulfur  solution  alone,  di- 
luted 1-40,  were  burned  decidedly  worse  than  when  arsenate  of  lead 
was  added  to  the  same  concentration.  On  apples  there  was  not  enough 
burning  in  either  case  to  show  any  marked  difference. 

Arsenite  of  lime  (Stewart  '09)  was  quite  highly  recommended  last 
season  on  the  basis  that  it  is  much  cheaper  than  arsenate  of  lead,  and 
theoretically  it  was  expected  to  do  as  good  or  better  work.  It  was  tried 
this  season  on  eight  Baldwin  trees  in  Mr.  Case's  orchard,  being  pre- 
pared and  used  according  to  prescribed  directions.  The  first  application 
was  made  April  30th  before  the  blossoms  opened.  This  caused  no  very 
serious  injury  but  did  cause  decidedly  more  than  the  lime-sulfur  solu- 
tion and  arsenate  of  lead  on  the  adjacent  row.  The  second  application 
was  given  May  21st  after  the  petals  had  fallen.  The  arsenite  of  lime 
scorched  the  foliage  very  seriously,  causing  the  trees  to  lose  about  fifty 
per  cent,  of  their  leaves.  The  trees  afterwards  recuperated,  however,  and 
the  fruit  crop  was  good.  The  lime-sulfur  with  lead  arsenate  applied 
the  same  day  caused  almost  no  perceptible  injury. 

It  may  be  possible  that  a  safe  method  of  preparing  arsenite  of  lime 
for  use  with  lime-sulfur  solution  can  be  developed,  but  with  our  present 
knowledge  it  is  certainly  unsafe  to  use  any  arsenical  but  lead  arsenate 
for  this  purpose.  In  this  connection  we  might  add  that  our  work  dur- 
ing the  past  season  both  in  the  field  and  laboratory  has  proved  that  the 
addition  of  arsenate  of  lead  greatly  increases  the  fungicidal  value  of  the 
lime-sulfur  solution.  Even  though  there  were  no  insects  to  be  con- 
trolled, it  would  seem  advisable  to  add  the  arsenate  of  lead  for  use  on 
pears  and  apples  in  order  to  increase  the  fungicidal  properties  of  the 
lime-sulfur  solution.  Although  the  first  cost  of  arsenate  of  lead  is 
greater  than  other  forms  of  arsenic,  it  is  undoubtedly  the  thing  to  use  with 
lime-sulfur  as  a  summer  spray.  The  slight  difference  in  the  cost  of 
materials  is  not  at  all  commensurate  with  the  difference  in  results  on 
the  trees. 

The  character  of  the  lead  arsenate  used  may  also  be  an  important 
factor.    Bradley  ('10)  reports  that  a  much  greater  reaction  takes  place 

('09)  Stewart.  J.  P.     Pa.  State  Exp.  Sta.  Bui.  92:18-19.     1909. 
(*io)  Bradley,  C.  E.    Jour.  Ind.  and  Eng.  Chem.  2 .328.    191a 
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between  an  acid  lead  arsenate  and  lime-sulfur  than  when  the  arsenate 
used  is  neutral ;  and  that  this  greater  reaction  produces  a  larger  amount 
of  soluble  arsenic.  He  also  states  that  alkaline  waters  exert  a  soluble  in- 
fluence on  arsenates,  which  is  much  more  marked  in  case  of  acid 
arsenates.  This  opens  up  a  possibility  that  the  kind  of  water  used  in 
diluting  the  spray  may  in  some  cases  be  an  important  factor. 

Effect  of  adding  lime  or  sediment  to  lime-sulfur  solution 

We  are  often  asked  whether  it  is  advisable  to  add  lime  to  lime-sulfur 
solution.  Will  it  prevent  burning?  Does  the  sediment  remaining  in 
the  solution  help  to  prevent  burning? 

We  are  not  yet  ready  to  give  a  positive  answer  to  any  of  these  ques- 
tions. Some  experiments  were  planned  and  carried  out  this  season  for 
the  purpose  of  determining  these  points.  In  Mr.  Case's  orchard,  one  plat 
of  several  large  Baldwin  trees  was  sprayed  with  lime-sulfur  solution, 
1-30,  with  arsenate  of  lead  and  about  4  pounds  of  lime  per  50  gallons 
added.  The  adjacent  row  was  treated  in  the  same  way,  omitting  the 
lime.  The  amount  of  burning  in  either  case  was  small,  and  we  could 
notice  no  difference  due  to  the  addition  of  lime. 

In  Mr.  Legasee's  orchard,  the  Niagara  brand  heavy  grade  lime-sulfur 
solution  containing  sediment  was  compared  with  the  clear  solution,  using 
a  dilution  of  1-30  in  both  plats.  The  injury  in  either  case  here  was  very 
slight.  If  any  difference  existed,  we  believe  there  was  slightly  more 
injury  where  the  clear  solution  was  used.  This  might  be  accounted  for 
by  the  fact  that  the  sediment,  replacing  a  small  quantity  of  the  clear  so- 
lution, would  slightly  reduce  the  percentage  per  volume  of  sulfids,  to 
which  the  caustic  properties  of  the  solution  are  doubtless  due. 

Effect  of  precipitation  by  carbon  dioxid  on  the  lime-sulfur  solution 

Previous  to  the  introduction  of  lime-sulfur  as  a  spray  material,  the 
gas  sprayer  had  gained  considerable  popularity.  Now  the  question  is 
often  asked,  "  Can  we  use  the  gas  sprayer  to  apply  lime-sulfur  solu- 
tion ? "  This  question  arises  because  it  is  known  that  the  carbonic  acid 
gas  which  is  used  to  furnish  the  power  reacts  with  the  soluble  sulfids  of 
lime-sulfur  solution,  throwing  the  sulfur  into  a  comparatively  insoluble 
form.  The  result  is  that  a  heavy  white  precipitate  is  formed  in  the  case 
of  lime-sulfur  alone  or  a  grey  one  when  arsenate  of  lead  has  been  added. 

Since  we  be!icve  it  to  be  the  soluble  sulfur  that  causes  the  injury,  we 
thought  it  might  be  possible  to  ap])ly  precipitated  lime-sulfur  on  tender 
foliage  and  avoid  all  danger  of  injury.    Our  plan  was  to  throw  the  ma- 
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Fig.  6i.  Showing  type  of  injury  on  apple  leaves  that 
occurs  where  lime-sulfur  solution  collects  around  the 
margin  or  tips  of  the  leaf  (p.  io6).  Compare  with  Fig. 
62,  showing  injury  following  scab  infection. 


Fig.  62.  Showing  lime-sulfur  injury  on  apple 
leaves  following  scab  infection.  At  a,  the  dark 
fungous  growth  can  be  seen  in  the  center  of  the 
burned  area.  Note  that  the  burned  spots  are  dis- 
tributed over  the  leaf  wherever  the  scab  spots  had 
occurred,  zvhile  in  case  of  injury  to  healthy  leaves 
the  burning  more  often  occurs  where  the  spray  col- 
lects and  stands  in  drops,  often  around  the  margins 
or  tips  of  leaves  as  in  Fig.  61. 
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Fig.  68.  Showing  fallen  leaves  under  row  of  trees  sprayed  zvith  arsenate  of 
lead  alone^  2  lbs.  to  50  gals.  Photographed  a  few  days  after  application.  Com- 
pare with  Fig.  69,  and  read  p.    130. 


«  Fig.  69.  Row  of  trees  sprayed  with  lime-sulfur,  1-150,  with  2  lbs,  arsenate 
of  lead  to  50  gals.,  as  it  appeared  about  ten  days  after  application,  showing, 
when  compared  with  Fig.  68,  that  the  lime-sulfur  delayed  the  arsenical  injury. 
More  than  a  month  later,  however,  considerable  injury  also  occurred  on  these 
trees.     (Read  p.  130.) 
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terial  into  a  comparatively  insoluble  form  before  application  instead  of 
applying  the  soluble  sulfur  and  allowing  it  to  become  insoluble  on  the 
tree,  which  always  happens  in  a  very  short  time.  (By  this  we  do  not 
mean  that  the  final  products  are  necessarily  the  same  in  both  cases,  but 
they  are  in  both  relatively  insoluble  and  according  to  laboratory  and  field 
tests  they  seem  to  have  about  equal  fungicidal  value.)  As  previously 
stated,  we  believe  it  to  be  the  soluble  sulfur  that  causes  leaf  injury  and 
if  so  it  most  likely  occurs  immediately  after  application,  before  the  liquid 
dries  on  the  tree.  If  this  is  true,  we  should  entirely  eliminate  all  lime- 
sulfur  injury  by  precipitating  the  soluble  sulfur  before  application. 

This  experiment  was  first  tried  on  apples  with  apparently  good  results. 
Since  the  scab  was  well  controlled,  it  was  thought  that  we  could  make 
use  of  the  same  method  to  control  peach  rot  and  scab,  thus  avoiding  dan- 
ger of  injuring  the  foliage.  Accordingly,  on  June  14th  peach  trees  were 
sprayed  with  lime-sulfur  solution  testing  34^  Beaume,  diluted  1-30,  and 
having  added  2  pounds  arsenate  of  lead  to  50  gallons.  The  carbonic 
acid  gas  sprayer  was  used  and  the  gas  turned  on  about  half  an  hour 
before  starting  to  spray  in  order  to  insure  as  complete  precipitation  as 
possible.  The  mixture  was  kept  well  agitated  while  spraying.  After 
about  a  week  some  considerable  spotting  and  falling  of  leaves  began  to 
occur.  In  two  weeks*  time  half  the  leaves  had  fallen  from  the  Atlantas, 
and  a  considerable  proportion  from  other  varieties. '  The  injury  con- 
tinued to  increase  until  many  of  the  branches  were  completely  defoliated 
(Fig.  63). 

This  experiment  was  repeated  in  another  orchard  on  June  22nd,  using 
lime-sulfur,  1-50,  with  arsenate  of  lead.  The  result  on  Atlantas  was  the 
same  as  before.  On  the  Yellow  Elberg  the  injury  did  not  appear  until 
several  days  later  than  on  the  Atlantas,  but  was  almost  as  severe  in  the 
end.  The  type  of  injury  caused  by  lime-sulfur  and  arsenate  of  lead  as 
precipitated  by  carbonic  acid  gas  was  quite  different  from  that  caused  by 
lime-sulfur  solution  applied  as  such  (Figs.  65,  66,  67).  In  case  of 
the  former,  the  burned  spots  have  more  of  a  reddish  discoloration 
(Fig.  66). 

This  same  type  of  injury  was  also  found  to  occur  but  to  a  more  limited 
extent  where  arsenate  of  lead  alone  was  used  (Fig.  67).  (Compare  Figs. 
65,  66,  67).  It  therefore  seemed  probable  that  the  injury  was  due  not  to 
lime-sulfur  but  to  arsenic,  in  some  way  set  free  and  made  soluble  by  the 
action  of  the  gas  on  the  product  resulting  from  the  action  between  lime- 
sulfur  solution  and  arsenate  of  lead.  Chemists  tell  us  that  when  lime- 
sulfur  solutions  and  arsenate  of  lead  are  mixed,  a  reaction  takes  place 
which  results  in  the  formation  of  calcium  arsenate.    It  is  probable,  there- 
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fore,  that  the  carbonic  acid  gas  acted  on  the  calcium  arsenate  liberating 
arsenic  in  a  soluble  form.* 

To  confirm  our  conclusion  that  this  was  arsenical  injury,  a  tree  was 
sprayed  heavily  on  July  6th  with  lime-sulfur  solution  1-30,  without  any 
arsenate  of  lead,  using  the  gas  sprayer  as  before.  In  this  case  there  was 
no  appreciable  injury  (Fig.  64).  The  tree  was  sprayed  the  second  time 
in  the  same  manner,  and  two  others  with  it.  Again  no  injury  occurred. 
The  brown  rot  was  reduced  from  45  per  cent,  to  lYz  per  cent,  by  the 
two  applications,  and  to  6>^  per  cent,  by  one  application,  showing  that 
the  precipitation  destroying  the  caustic  effect  of  the  lime-sulfur  for 
foliage  did  not  destroy  its  fungicidal  value.  In  case  of  apples  sprayed 
w'ith  lime-sulfur  solution  and  arsenate  of  lead  with  a  gas  sprayer,  the 
leaf  injury  was  not  severe  but  after  considerable  time  some  leaves  began 
to  turn  yellow  and  a  slight  dropping  occurred. 

Judging  from  these  experiments,  it  would  seem  to  be  unsafe  to  use  the 
gas  sprayer  when  lime-sulfur  solution  and  arsenate  of  lead  are  to  be 
applied  to  foliage.  On  peaches  the  results  would  probably  be  serious,  no 
matter  how  weak  the  lime-sulfur  was  used.  On  apples  the  result  might 
not  be  serious  but  might  be  objectionable.  The  injury  occurs  more 
slowly  but  continues  to  develop  much  longer  than  that  caused  by  lime- 
sulfur  solution.  Lime-sulfur  solution  alone,  on  the  other  hand,  could  be 
applied  with  the  gis  sprayer  with  much  less  danger  of  foliage  injury  than 
in  any  other  way.  It  is  probable  that  brown  rot  and  scab  of  peach  could 
be  successfully  controlled  in  this  way  without  any  foliage  injury,  pro- 
vided we  could  obviate  the  necessity  for  using  an  arsenical  with  the 
fungicide  to  combat  the  curculio. 

*  Since  writing  the  above,  the  chemical  considerations  here  involved  were  pre- 
sented to  Professor  Cavanaugh  of  the  Department  of  Chemistry,  who  submitted  it 
to  Mr.  C.  C  Hedges,  instructor  in  the  same  department,  for  investigation.  Mr. 
Hedges  submits  tlie  following  report  which  confirms  our  conclusions  that  the 
injury  is  due  to  soluble  arsenic  set  free  through  the  instrumentality  of  the  carbon 
dioxid : 

**  The  injur>'  caused  by  the  lead  arsenate  alone  was  due,  no  doubt,  to  the  soluble 
arsenic,  and  this  soluble  arsenic  can  be  increased  by  passing  carbon  dioxid  into 
the  solution  of  lead  arsenate. 

"The  lead  arsenate  used  shows  .36  per  cent  of  water  soluble  arsenic  oxid 
(AsaOs).  In  a  water  solution  saturated  with  carbon  dioxid,  the  lead  arsenate 
solution  shows  .44  per  cent,  of  soluble  arsenic  oxid." 

With  reference  to  the  injury  caused  by  applying  lime-sulfur  solution  combined 
with  lead  arsenate  precipitated  by  carbon  dioxid,  Mr.  Hedges  states: 

"This  injury,  I  think,  is  caused  by  the  action  of  the  carbon  dioxid  on  the  lime- 
sulfur  solution  forming  calcium  carbonate  and  some  hydrogen  sulfid.  The  hy- 
drogen sulfid  reacts  with  the  lead  arsenate  forming  lead  sulfid  (the  black  precipi- 
tate) and  some  soluble  arsenic.  Some  soluble  arsenic  may  also  be  produced  by 
the  action  of  the  carbon  dioxid  on  the  calcium  arsenate  that  is  produced  by  the 
reaction  of  the  lime-sulfur  and  lead  arsenate, 

"The  lead  arsenate  and  lime-sulfur  solution  after  being  saturated  with  carbon 
dioxid  shows  .66  per  cent,  of  soluble  arsenic  oxid." 
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Effect  of  apple  scab  infections  previous  to  time  of  application,  and  of 

injury  by  insects 

After  a  careful  examination  of  a  large  number  of  apple  orchards,  we 
have  no  doubt  that  a  large  percentage  of  the  serious  cases  of  foliage 
injury  this  season  has  been  due  to  the  fact  that  the  leaves  had  been  at- 
tacked by  the  scab  fungus  before  the  spray  was  applied.  Many  growers 
have  noticed  that  the  later  applications  have  caused  the  most  injury,  and 
that  the  older  leaves  were  burned  worse  than  the  younger  ones.  Why 
so?  The  scab  fungus  had  developed  more  on  the  older  leaves  because 
they  had  been  exposed  to  infection  earlier.  In  many  cases  these  older 
leaves  are  found  to  be  spotted  or  even  coated  with  a  growth  of  the  scab 
fungus.  In  its  early  stage  this  is  commonly  overlooked,  as  the  fungus 
is  rather  inconspicuous,  appearing  at  first  only  as  a  very  indistinct  olive- 
green,  velvety  discoloration,  turning  brown  later.  Although  inconspic- 
uous, it  is  there  and  has  destroyed  the  protective  cuticle  of  the  leaf.  This 
permits  free  access  of  the  spray  material  to  the  inner  and  more  tender 
tissues,  and  burning  results  (Fig.  62). 

In  this  connection  it  might  also  be  noted  that  this  year  many  observers 
have  noticed  that  the  leaves  from  fruit  buds  were  most  severely  injured. 
Many  have  also  noticed  that  in  unsprayed  orchards  these  leaves  are  more 
scabby  than  are  those  from  leaf  buds.  We  are  convinced  that  these 
leaves  are  more  scabby  because  they  were  the  first  leaves  to  open  in  the 
spring  and  were  thus  earlier  exjxjsed  to  fungous  infection  for  which  the 
early  spring  weather  the  past  season  was  most  favorable.  This  explains, 
then,  why  such  leaves  v%'cre  most  injured  by  the  spray  mixture. 

It  has  also  been  noted  that  the  application  of  bordeaux  mixture  fol- 
lowing scab  infection  causes  a  similar  injury.  In  the  spring  of  1909,  a 
case  of  serious  leaf  injury  on  apples  was  reported  to  Professor  Whetzel 
('10)  from  Medina,  N.  Y.  Accordingly,  the  author  of  this  bulletin  was 
sent  to  investigate  the  case.  The  foliage  was  burned  so  severely  that 
the  trees  from  a  distance  appeared  brown  and  blighted,  many  of  the 
leaves  spotted,  others  scorched  to  a  crisp.  A  microscopic  examination 
of  the  burned  spots  revealed  the  fact  that  in  practically  every  case  the 
fungus  had  been  present  before  the  spraying  was  done.  Hundreds  of 
spots  were  examined,  and  spores  of  Fenturia  inaequalis,  the  scab  fungus, 
could  be  found  almost  universally  present.  The  orchard  had  not  re- 
ceived the  application  just  before  the  blossoms  opened,  thus  permitting 
this  early  infection  to  take  place.  The  infection  was  much  favored  also 
by  the  fact  that  an  abundance  of  the  winter  stage  of  this  fungus  had  de- 

('to)  Whetzel,  H.  II.     Proc.  X.  V.  State  Fruit  Growers'  Assn.  9:i(>-20.     1910. 
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veloped  on  the  dead  leaves  which  had  not  been  plowed  under  early  in 
the  spring. 

Shortly  after  this,  there  came  to  our  attention  Bulletin  135  of  the 
Illinois  Experiment  Station,  by  C.  S.  Crandall  (^09),  in  which  the 
author  notes  that  minor  insect  injuries  and  fungous  infections,  by  break- 
ing the  leaf  cuticle,  favor  bordeaux  injury.  He  also  notes  that  minor 
injuries  are  much  more  abundant  than  commonly  supposed  and  that  crit- 
ical examination  of  6,000  leaves,  taken  at  random  from  60  different  trees, 
showed  only  2^  or  less  than  J4  per  cent,  of  absolutely  perfect  leaves,  al- 
though the  general  appearance  of  the  foliage  on  these  trees  was  good. 
On  page  231  of  the  same  bulletin,  reference  is  made  to  the  work  of 
Schander  ('04),  who  found  that  leaves  of  apple,  grape  and  pear  whose 
epidermis  had  not  been  broken  were  not  injured  by  a  1-100,000  copper 
sulfate  solution,  while  leaves  whose  surface  had  been  pricked  with  a 
needle  were  considerably  injured.  He  concluded  that  the  epidermis  of 
these  leaves  is  capable  of  preventing  the  penetration  of  copper  com- 
pounds, but  that  the  copper  having  once  penetrated,  behaves  towards 
the  protoplasm  of  the  leaf  cells  in  the  same  manner  as  towards  the  cells 
of  algae  and  fungi,  and  in  very  dilute  solutions  can  injure  the  protoplasm. 
It  is  very  probable  that  this  same  explanation  will  hold  good  for  soluble 
sulfur.  The  matter  of  physical  injuries  by  fungi  and  insects  as  influ- 
encing spray  injury  is  doubtless  one  of  much  importance  and  opens  up  an 
interesting  field  for  study. 

Many  specific  instances  confimiing  our  conclusions  on  this  point  might 
be  cited.  One  or  two,  however,  is  all  that  space  will  permit.  Mr.  Ed- 
ward T.  Brown,  of  Wolcott,  N.  Y.,  during  the  spring  of  19 10  sprayed 
the  larger  part  of  his  orchard  twice,  giving  the  first  application  just  be- 
fore the  blossoms  opened,  and  using  lime-sulfur  solution  diluted  1-30 
with  arsenate  of  lead  added.  On  a  young  orchard  adjoining,  this  appli- 
cation was  omitted.  Both  orchards  were  sprayed  after  the  blossoms  fell. 
In  the  case  of  the  young  trees,  the  foliage  was  severely  burned,  while  on 
those  which  had  received  the  spraying  just  before  the  blossoms  opened 
to  prevent  early  fungous  infection,  no  material  injury  resulted.  Further 
to  convince  ourselves  that  the  spray  injury  was  due  to  previous  fungous 
infection,  burned  leaves  were  examined  and  the  scab  fungus  could  be 
seen  even  with  the  naked  eye  in  almost  every  burned  spot. 

A  case  of  quite  serious  foliage  injury  was  reported  by  F.  M.  Wooster, 
of  Lake  Side,  N.  Y.  We  were  not  able  to  visit  this  orchard  personally, 
but  Professor  F.  C.  Stewart    ('10)   of  the  Geneva   Experiment  Station 

('04)   Schander,    R.    Lanchvirtschaftlichc  Jahrbiichcr  33:544-     ^Q^- 
(00)   Oaiidall,  C.  S.     111.  Agr.  Exp.  Sta.  Rul.  135  :-'2I-jj2.  233.     njOQ. 
('10)  Stewart,  F.  C.       Reported  by  letter  to  Professor  Whetzel. 
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inspected  it  and  reports  that  the  injury  was  probably  due  to  previous 
fungous  infection.  The  injured  leaves  were  abundantly  infested  with 
scab  and  no  other  satisfactory  explanation  of  the  injury  could  be  found. 

It  is  also  evident  that  there  is  much  more  foliage  injury  when  the 
spring  and  early  summer  months  are  wet.  This  is  noticeable  in  com- 
paring our  results  in  1909  with  those  in  1910.  In  1909,  on  Greening  trees 
even  when  heavily  drenched,  lime-sulfur  diluted  1-30  with  lead  arsenate 
added,  caused  no  injury.  This  season,  when  as  heavily  applied,  the  same 
spray  caused  quite  noticeable  burning.  A  similar  instance  was  noted  by 
C.  B.  Shafer,  of  Middleport,  N.  Y.  Mr.  Shafer  had  sprayed  very 
heavily  with  lime-sulfur  and  lead  arsenate  in  1909  without  any  injury. 
In  1910,  a  similar  application  caused  considerable  injury.  We  are  con- 
vinced that  the  difference  in  both  cases  is  due  largely  to  the  fact  that 
the  wet  season  of  1910  was  so  much  more  favorable  to  fungous  infec- 
tion. In  fact,  we  could  easily  tell  by  examination  of  the  burned  leaves, 
especially  in  Mr.  Shafer *s  orchard,  that  the  scab  fungus  had  been  present 
quite  abundantly  before  the  application  was  made. 

It  should  be  noted  in  this  connection,  however,  that  scab  infection 
alone  may  not  be  entirely  resjxjnsible  for  this  unusual  amount  of  burning. 
It  is  also  possible  that  a  cold,  wet  spring  may  affect  the  leaf  physiolog- 
ically to  make  it  more  easily  injured,  as  held  by  Cordley  ('09).  The 
following  paragraphs  are  quoted  from  Cordley's  article. 

"  Our  own  experience,  however,  showed  conclusively  that  the  same 
trees  which  in  1907  were  sprayed  with  1  to  15  without  injury,  were  seri- 
ously injured  when  sprayed  with  a  spray  of  exactly  the  same  strength 
in  1908.  This  apparent  anomaly  can,  I  believe,  be  accounted  for  by  the 
different  climatic  conditions  of  the  tw^o  seasons.  From  April  15  to  May 
17,  during  which  period  all  of  the  spraying  was  done  in  1907,  but  .7^ 
inches  of  rain  fell,  and  the  minimum  temperature  fell  as  low  as  32°  upon 
only  one  night.  In  1908,  during  the  same  time,  4.1  inches  fell.  The 
minimum  temperature  reached  30°  upon  one  night  and  upon  two  succes- 
sive nights.  May  8th  and  9th,  touched  32°.  It  seems  quite  apparent, 
therefore,  that  the  abundant  sunshine  and  milder  temperature  of  1907 
produced  a  vigorous,  hardy,  spray-resisting  growth  of  foliage,  while  the 
excessive  rainfall  and  cloudy  weather  and  low  temperature  of  1908  pro- 
duced a  growth  which  was  less  vigorous,  less  hardy  and  more  edematious 
and  more  susceptible  to  spray  injury." 

"The  first  spraying  [iQO?!  was  given  April  20,  just  as  the  blossoms 
were  beginning  to  show  color;  the  second  application  was  made  May 
8,  just  after  the  petals  had  fallen:  and  the  third  was  made  May  18.     In 

Toq)  Cordley,  A.  B.     Better  Fruit,  April  too():33-35. 

Digitized  by  VjOOQIC 


126  Bulletin  288 

1908  the  orchard  was  again  sprayed  for  San  Jose  scale  in  February. 
For  the  purpose  of  testing  the  value,  if  any,  of  late  winter  applications 
for  scab,  the  orchard  was  again  sprayed  April  4,  just  before  the  buds 
started,  and  no  more  applications  were  made  until  after  the  blossoms 
fell  May  9  to  23,  and  the  last  one  was  made  June  6  to  8." 

From  the  above  data  it  would  seem  that  Cordley's  results  may  be  open 
to  another  explanation.  It  will  be  noted  that  the  weather  conditions  in 
1908  in  Oregon  ("  excessive  rainfall,  cloudy  weather,  and  low  temper- 
ature") were  much  more  favorable  to  scab  infection  than  in  1907 
("  abundant  sunshine  and  milder  temperature  ")  ;  also,  that  in  1907  an 
application  of  lime-sulfur  was  made  just  before  the  blossoms  opened  as 
well  as  after  they  had  fallen,  while  in  1908,  the  application  just  before 
the  blossoms  opened  was  omitted.  This  omission,  as  shown  by  our  obser- 
vation of  many  cases,  has  usually  resulted  in  abundant  early  scab  infec- 
tion of  the  leaves,  which  became  responsible  for  an  increased  amount  of 
foliage  injury  when  the  spray  was  applied  after  the  blossoms  had  fallen. 
May  not  scab  infection,  therefore,  rather  than  lowered  vitality  due  to  the 
weather,  have  been  the  controlling  factor  in  the  injury  reported  by 
Cordley  for  the  season  of  1908? 

■  H.  A.  Aldrich  ('09)  reports  a  case  of  burning  which  could  be  ex- 
plained on  the  same  basis.  He  states  that,  *'After  a  little  over  half  of 
this  orchard  had  been  sprayed,  wc  noticed  a  slight  burn  where  we  had 
used  the  Rex,  but  none  where  we  had  used  the  Niagara.  Thinking  there 
was  a  little  too  much  burn,  and  the  scab  showing  up  all  over  the  orchard, 
we  changed  to  bordeaux,  but  only  used  the  2-4-50  mixture  with  the  re- 
sult of  the  worst  burn  we  ever  experienced  or  ever  saw  in  any  other 
orchard."  Mr.  Aldrich  further  says,  "  Now  this  burn  has  proved  a 
considerable  of  a  mystery.  Thorough  investigation  failed  to  find  a  thing 
wrong  with  any  of  the  materials  of  which  that  spray  was  composed  and 
every  hand  on  the  job  was  ready  to  swear  that  the  right  quantities  were 
used.  It  is  true  that  for  those  same  two  days  the  atmosphere  had  that 
peculiar  condition  where  everything  burns."  In  this  case,  according  to 
Mr.  Aldrich 's  own  statement,  the  scab  fungus  was  showing  up  abund- 
antly in  the  orchard  when  the  spraying  was  being  done,  and  since  we 
know  this  to  be  capable  of  inducing  such  injury  we  have  little  doubt  that 
this,  partly,  if  not  completely,  explains  the  phenomenon.  It  is  also 
probable  that  the  wet  weather  following  the  application  may  also  have 
increased  the  caustic  action  of  the  bordeaux  mixture.  This  may  also 
account  for  the  fact  that  the  bordeaux  in  this  case  caused  more  burning 
than  did  the  lime-sulfur,  since  the  weather  conditions  that  induce  bor- 
deaux injury  do  not  induce  injury  by  lime-sulfur. 

Coo)  Aldrich,  H.  A.     Western  Fruit  Grower,  Frb.   1909:114.        ^  , 
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Health  and  vigor  of  tree 

Experiments  on  foliage  during  the  past  season  seem  to  indicate  that 
the  health  and  vigor  of  the  tree  and  the  consequent  condition  of  the  foli- 
age as  influenced  by  care  and  cultivation  or  other  conditions,  may  affect 
the  susceptibility  of  the  foliage  to  spray  injury.  Three  of  the  apple 
orchards  in  which  we  worked  were  well  cultivated  and  the  trees  were 
vigorous,  while  the  fourth  had  been  uncultivated  and  poorly  nourished 
for  years.  The  foliage  did  not  have  the  dark  green  healthy  color  the 
others  had.  In  this  orchard  the  1--30  lime-sulfur  with  lead  arsenate 
scorched  the  foliage  quite  badly,  while  no  serious  injury  occurred  in  any 
of  the  other  orchards. 

A  similar  result  was  noticed  on  pear  trees  due  to  devitalization  of  the 
trees  by  fire  blight.  A  Bartlett  orchard  sprayed  with  lime-sulfur  1-50 
with  arsenate  of  lead  showed  almost  no  burning  of  foliage,  except  on  a 
single  tree  that  had  been  attacked  by  blight  canker  in  the  trunk  that  cut 
off  the  food  supply,  with  the  result  that  the  foliage  was  off  color  and  not 
vigorous.    There  was  quite  severe  burning  on  this  tree. 

We  would  not  attempt  to  go  further  than  'to  suggest  what  might  be  an 
explanation  of  these  phenomena.  It  would  seem  that  the  weakened  vi- 
tality was  probably  an  important  factor,  although  the  matter  of  parasitic 
injuries  by  insects  and  fungi  may  also  have  influenced  results.  There  is 
no  doubt  but  that  there  were  more  insects  in  the  uncultivated  apple 
orchard,  although  there  did  not  appear  to  be  any  more  scab  present  than 
in  some  of  the  others. 

We  have  already  referred  (p.  125)  to  the  possibility  of  the  variation 
on  the  same  trees  in  different  seasons  being  partially  due  to  the  physi- 
ological condition  of  the  leaves  induced  by  weather  conditions,  and 
pointed  out  that  this  may  also  be  largely  explained  by  the  fact  that  those 
weather  conditions  also  affect  the  prevalence  of  injuries  by  parasites. 

Varietal  susceptibility 

In  the  case  of  pears,  the  Duchess  was  found  to  have  foliage  much 
more  tender  than  any  other  variety  under  observation.  Clairgeau,  Bart- 
lett and  Seckel  alternating  with  the  Duchess,  showed  but  slight  injury 
from  lime-sulfur,  while  the  Duchess  trees  were  injured  considerably,  los- 
ing perhaps  20  per  cent,  of  their  foliage.  In  Mr.  Case's  orchard,  many 
varieties  were  sprayed  with  lime-sulfur  1-50,  with  arsenate  of  lead  2 
pounds  to  50  gallons.  Slight  injury  was  perceptible  on  all  varieties,  but 
much  more  on  the  Duchess.  Among  other  varieties  there  was  no  marked 
difference. 

In  case  of  apple  foliage,  very  little  that  can  safely  be  attributed  to 
varietal  susceptibility  has  been  noted  on  the  varieties  under  observation 
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in  our  experiments.    W.  M.  Scott  (10)  notes  that  the  VVinesap  is  much 
more  resistant  to  spray  injury  than  other  varieties. 

Concerning  fruit  injury  by  limc-siilfur  solution,  we  know  very  little 
as  yet.  If  any  russeting  has  been  caused  by  lime-sulfur  it  is  so  little 
more  evident  than  the  natural  russeting  that  has  occurred  quite  commonly 
this  season  that  it  is  very  hard  to  distinguish  between  the  two,  and 
therefore  impossible  to  draw  conclusions  concerning  varietal  suscepti- 
bility.    (See  p.  13s). 

.  In  the  case  of  peaches,  we  sprayed  Craw  fords,  Elbertas,  Atlantas, 
Early  St.  Johns,  and  Yellow  Elbergs.  The  foliage  of  the  Atlantas 
seemed  to  be  more  tender  than  any  other.  No  marked  difference  between 
the  others  was  detected. 

SPRAY   INJURY   ON    PEACH    FOLIAGE 

As  most  growers  already  know,  the  foliage  of  the  peach  is  extremely 
tender.  It  has  long  been  a  problem  to  find  a  spray  that  can  be  used  ef- 
fectively without  serious  burning.  Some  have  tried  bordeaux  with  very 
serious  results.  Others,  presumably  under  very  favorable  weather  con- 
ditions, have  used  it  with  some  success  in  certain  cases.  The  practice, 
however,  is  generally  admitted  to  be  unsafe.  Up  to  the  present  date  the 
only  fungicide  that  has  been  demonstrated  beyond  doubt  to  be  safe  and 
effective  for  use  on  peach  foliage  is  the  self-boiled  lime-sulfur  devised 
by  Scott  ('08  and  '10)  of  the  United  States  Department  of  Agri- 
culture, Washington,  D.  C.  When  properly  prepared,  this  seems  to  be 
perfectly  harmless  to  foliage  and  effective  against  the  scab  and  brown 
rot.  In  our  experiments,  various  modifications  of  lime-sulfur  solutions 
have  been  tried. 

In  general,  lime-sulfur  solution,  unless  applied  very  weak,  is  likely  to 
cause  considerable  burning  of  peach  foliage.  The  occurrence  and  char- 
acter of  the  injury  is  quite  different  from  that  on  apple  foliage.  In 
the  latter  case,  the  dark  brown  spots  or  burned  areas  at  the  tip  or  margin 
of  the  leaf  (Figs.  61  and  62)  appear  within  about  two  days  after 
the  application.  On  peach  leaves  it  may  be  almost  a  week  before  the 
spotting  is  noticeable.  Then,  certain  definitely  outlined  spots  appear 
usually  rather  pale  green,  with  darker  green  or  sometimes  reddish  brown 
borders.  In  mild  cases  it  somewhat  resembles  the  effect  of  the  leaf 
spot  fungus;  and  as  in  case  of  leaf  spot,  the  injured  part  finally  drops 
out  leaving  the  shot  hole  effect  (Fig.  65).  As  on  apple  leaves,  this 
injury  is  most  likely  to  occur  where  drops  of  the  solution  have  concen- 

('08)  Scott,  W.  M.  and  Avres,  T.  W.    U.  S.  D.  A.,  Bu.  PI.  Ind.  Cir.  i  :i-i8.    1909. 

Cio)  Scott,  W.  M.  and  Ayres,  T.  W.  U.  S.  D.  A.,  Bu.  PI.  Ind.  Bui.  i74-.i-3i- 
1910. 

('10)  Scott.  W.  M.     U.  S.  D.  A.,  Bu.  PI  Ind.  Cir.  54  7.     iQio. 
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trated-     Very  slight  injury  is  sufficient  to  cause  the  falling  of  peach 

leaves,  so  that  defoliation  in  severe  cases  is  likely  to  be  very  noticeable. 

During  the  summer  of  1909,  a  series  of  experiments  were  carried  out 

to  determine  what  concentration  of  lime-sulfur  solution  could  be  used  on 

peach   foliage  and  whether  or  not  this  concentration  would  be  effective. 

These  experiments  seemed  to  indicate  that  much  depends  on  the  method 

of   application,  a  point  which  has  already  been  discussed  with  reference 

to   apple  foliage  (p.  116).     Preliminary  tests  were  made,  using  a  hand 

pump   and  spraying  a   few   limbs  with   each   concentration.     In  these 

tests  a  dilution  of  1-50*  or  even  stronger  caused  but  very  little  injury. 

When  we  applied  this  same  concentration,  using  ^  power  sprayer,  and 

making  a  rather  heavy  application,  there  was  serious  defoHation.     Even 

I— 100  heavily  applied  in  this  way  caused  about  one-third  to  one-half 

defoliation.     Where  1-150  was  used  there  was  some  spotting,'  but  the 

injury  was  slight;  and  a  dilution  of  1-200  caused  no  noticeable  injury. 

No  arsenical  was  used  with  the  lime-sulfur  in  any  of  these  experiments. 

The  following  report  of  work  done  by  Mr.  D.  H.  Ayers  of  Trumansburg, 

N.  Y.,  shows  that  he  was  able  to  use  much  greater  concentrations  without 

iT\)ury  than  above  indicated.       The  difference  is  probably  due  largely 

to  the  method  of  application.     In  our  tests  in  1909  the  spray  was  quite 

heavily  applied  and  with  a  coarser  nozzle  than  that  used  by  Mr.  Ayers. 

Experiments  on  peach  foliage  at  Trumansburg,  N.  V.,  in  ipOQ,  by 

D,  H.  Ayers 

Extensive  experiments  were  carried  out  by  Mr.  Ayers  to  determine 
what  concentration  of  lime-sulfur  can  be  used  safely  on  peach  foliage, 
and  if  possible  to  find  a  concentration  both  safe  and  effective. 

The  plats  were  so  arranged  that  each  included  trees  of  the  following 
varieties :  Elberta,  Alexander,  Crosby,  Stevens'  Rare  Ripe,  and  Hill's 
Chili.  The  lime-sulfur  solution  was  used  alone,  and  applied  with  a 
power  sprayer  with  the  relief  valve  set  at  125  lbs. 

The  first  spraying  was  done  June  24th,  25th.  30th,  and  July  ist.  The 
strongest  concentration  used  was  a  dilution  of  1-35,  and  this  only  on  a 
few  isolated  trees  which  Mr.  Ayers  did  not  value  highly.  On  Alexanders, 
Mr.  Ayers  noted  that  leaf  burn  was  marked.  He  estimated  that  one- 
third  of  the  foliage  had  f<illen.  On  Elbertas,  the  defoliation  was  esti- 
mated at  50  per  cent.  On  Crosbys,  the  foliage  was  apparently  not  seri- 
ously injured,  and  on  Hill's  Chili  the  results  were  about  the  same. 
Stevens'  Rare  Ripe  showed  results  similar  to  Elberta  above.  Mr.  Ayers 
records  the  observation  that  when  the  spray  mixture  reaches  the  axil  of 
the  leaf  it  is  more  likely  to  cause  the  leaf  to  fall. 

On  the  plat  sprayed  with  the  1-50  dilution  it  was  estimated  by  partial 
count  that  an  average  of  less  than  20  per  cent  of  the  foliage  was 
destroyed,  and  about  15  per  cent  destroyed  where  the  1-60  was  used.     In 

*  In  all  dilutions  referred  to  in  the  text  it  is  understood  that  a  standard  concen- 
trate testing  31-34*'  Beaume  was  used. 

S 
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the  I-7S  experiments  Mr.  Ayers  further  reports  that  not  more  than  10 
per  cent  damage  to  the  foliage  of  any  of  the  trees  was  perceptible  and 
the  trees  did  not  seem  to  be  injured. 

In  view  of  the  objectionable  amount  of  foliage  injury  resulting  from 
these  concentrations,  much  weaker  solutions  were  used  for  the  second 
application  which  was  made  July  26th,  and  for  the  third,  made  August 
13th.  In  these  tests  lime-sulfur  solution  was  diluted  from  i-ioo  to 
1-300.    Mr.  Ayers  reports  no  burning  from  any  of  these  concentrations. 

Experiments  on  peach,  foliage  at  Sodus,  ipio 

In  one  group  of  experiments,  the  spraying  was  done  by  Mr.  Case's 
men,  using  a  power  sprayer,  and  in  the  other  by  the  writer,  using  a  hand 
pump  in  one  instance  and  in  the  other  the  gas  sprayer. 

On  one  plat  Swift's  arsenate  of  lead  alone  was  used  at  the  rate  of  2 
pounds  to  50  gallons,  and  on  an  adjoining  plat  the  same  amount  of 
arsenate  of  lead  with  weak  lime-sulfur  solution,  diluted  1-150.  A  week 
later,  considerable  injury  had  appeared  on  the  trees  sprayed  with  arsenate 
of  lead  alone  (Fig.  68).  The  burned  spots  had  somewhat  more  of  a  red- 
dish tint  than  those  caused  by  lime-sulfur  solution  (Fig.  65).  On  the 
plats  sprayed  with  lime-sulfur,  1-150,  with  arsenate  of  lead,  but  very 
slight  injury  was  apparent  at  this  date  (Fig.  69).  It  seemed  then  that  the 
lime-sulfur  for  a  time  counteracted  whatever  caustic  properties  the 
arsenate  of  lead  possessed  by  neutralizing  whatever  soluble  arsenic  might 
have  been  present. 

It  later  became  evident,  however,  that  the  lime-sulfur  only  delayed  the 
action,  for  within  a  month  or  so  after  the  application,  injury  began  to 
appear  quite  abundantly  on  this  plat  also.  This  injury  rather  increased 
with  time  for  several  weeks,  and  was  severe  enough  to  be  quite  objec- 
tionable, the  trees  losing  at  least  one-third  of  their  foliage.  It  appeared 
to  be  the  same  type  of  injury  as  that  caused  by  arsenate  of  lead  (p.  122, 
Fig.  67).  We  naturally  suspect,  therefore,  that  the  same  reaction  which 
took  place  immediately  in  the  gas  sprayer  (p.  121)  was  in  time  induced 
by  the  action  of  the  carbonic  acid  gas  of  the  air ;  i.  e.,  the  calcium  arse- 
nate, which  we  will  remember  is  formed  when  lead  arsenate  is  mixed  with 
lime-sulfur  solution,  had  been  gradually  decomposed,  forming  as  a  result 
soluble  arsenic.  This  as  yet  is  only  a  theoretical  explanation  and  the  facts 
when  known  may  reveal  an  entirely  different  interpretation  of  the  phe- 
nomenon.* There  seems  little  hope,  however,  that  we  can  safely  combine 
arsenate  of  lead  with  weak  lime-sulfur  solution  for  use  on  peach  foliage 
unless  some  modification  can  be  made  to  overcome  this  difficulty.    If,  as 

♦This  problem  was  also  submitted  to  the  Department  of  Chemistry,  together 
with  the  one  reported  on  p.  121.     Mr.  Hedges  reports  as  follows: 

"The  retarded  injury  caused  by  the  mixing  of  the  lead  arsenate  with  lime- 
sulfur  wash  as  compared  with  injury  done  by  lead  arsenate  alone,  was  due,  I 
think,  to  the  calcium  of  the  lime-sulfur  uniting  with  som€  of  the  soluble  arsenic  of 
the  lead  arsenate.  Then,  by  th€  action  of  the  carbon  dioxid  of  the  air,  some  of 
the  combined  arsenic  was  made  soluble  after  a  period  of  about  one  month." 
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we  suspect,  the  soluble  arsenic  causes  the  injury,  it  would  be  worth  while 
to  try  the  effect  of  the  addition  of  lime  to  neutralize  it.  If  thq  lime  re- 
mains in  the  hydroxid  form  until  after  the  soluble  arsenic  has  been 
formed,  it  will  probably  be  effective,  but  if  applied  with  the  spray  it  is 
probable  that  it  will  have  been  changed  to  the  carbonate  before  it  is 
needed.  In  this  case,  subsequent  application  of  the  lime  would  be  neces- 
sary to  prevent  burning.  This  again  is  only  a  theory  which  remains  for 
the  chemist  to  prove  or  disprove. 

The  effect  on  peach  foliage  of  precipitating  lime-sulfur  solution  by  the 
use  of  the  gas  sprayer  has  already  been  discussed  on  page  121.  In  brief, 
lime-sulfur  alone,  diluted  1-30,  thus  applied  in  a  heavy  application  caused 
no  injury  whatever  (Fig.  64).  We  all  know  that  this  concentration  applied 
in  the  soluble  form  would  cause  very  serious  defoliation.  It  is,  therefore, 
evidently  true  that  the  soluble  sulfur  causes  the  lime-sulfur  injury.  On 
the  other  hand,  when  lime-sulfur  solution  of  the  same  concentration,  with 
arsenate  of  lead,  was  applied  in  this  way  there  was  very  serious  injury. 
The  trees  were  almost  entirely  defoliated  (Fig.  63).  This  is  doubtless 
arsenical  injury  caused  by  the  arsenic  being  in  some  way  converted  to  the 
soluble  form  by  the  series  of  reactions  through  which  the  preparation  has 
passed  (p.  122). 

Self-boiled  lime-sulfur,  10-10-50  formula,  with  2  pounds  arsenate  of 
lead  to  50  gallons,  was  used  in  two  different  orchards.  We  also  applied 
this  preparation  combined  with  iron  sulfate,  3  pounds  to  50  gallons,  as 
described  by  M.  B.  Waite  ('10).  Neither  of  these  preparations  caused 
any  injury. 

russeting  of  apples 

We  are  constantly  being  met  with  the  question,  "  What  causes  russeting 
of  apples  ?  "  One  man  sprayed  with  bordeaux,  another  used  lime-sulfur, 
while  still  another  did  not  spray  at  all.  All  complain  of  having  russeted 
fruit.  One  blames  bordeaux,  one  lime-sulfur,  and  another  the  weather. 
Who  is  right?  We  are  frank  to  admit  that  it  is  sometimes  impossible 
from  an  examination  of  a  russeted  apple  to  tell  with  certainty  what  caused 
the  trouble.  We  do  know  that  something  injured  the  epidermal  cells  of 
the  fruit  while  young  and  that  the  russeted  surface  developed  with  the 
fruit  as  a  consequence.  The  result  is  often  very  much  the  same  in  char- 
acter, whether  caused  by  weather  conditions  or  bordeaux  mixture.  It 
differs  principally  in  the  extent  of  the  injury.  That  russeting  of  fruit 
can  be  found  on  unsp rayed  trees  does  not  prove  that  bordeaux  or  lime- 
sulfur  may  not  in  some  cases  cause  a  similar  effect.  It  is  only  by  noting 
comparatively  the  aggregate  results  that  conclusions  can  be  drawn.  For 
example,  we  ('09)   had  on  our  bordeaux-sprayed  plats  82  per  cent,  of 

('09)  Wallace,  E,    Niagara  Sprayer  Co.    Fellowship  Rep.  2:1-10.     1909. 
Cio)   Waite,  M.  B.    Va.  Hort.   Soc.   Rept.  14:91-96.     1909.  ^  j 
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russeted  fruit,  while  on  trees  sprayed  with  lime-sulfur  and  arsenate  of 
lead  3.7  per  cent,  were  injured.  Here  it  is  evident  that  the  difference, 
being  so  marked,  was  due  almost  entirely  to  the  bordeaux.  That  year's 
work  seemed  to  indicate  that  no  injury  to  fruit  could  result  from  the  lime- 
sulfur  spray.  During  the  current  year,  some  mild  russeting  has  occurred 
where  lime-sulfur  was  used.  It  has  also  occurred  quite  commonly  where 
no  spray  was  used,  so  that  with  the  data  at  hand  it  seems  safe  to  say 
that  lime-sulfur  is  rarely  or  never  responsible  for  russeting. 

In  our  experimental  plats  this  season  the  percentage  of  russeted  fruit 
was  found  by  actual  count  to  be  as  shown  in  the  following  table : 


Digitized  by  VjOOQIC 


Spray  Injury  Induced  by  Lime-Sulfur  Preparations       133 


o 

H 

H 
2 

(d 

a 

H 

-< 
H 
M 
H 

O 

o 

< 
.J 
H 
(^ 
O 

o 
a 
c/3 

H 

•J 

n 

-< 
H 


:3 

OS 

Q 
H 


PES 

H 
2 


0$ 
H 
Pi 


1 


2 


0^  « 


50 

8 


•d 

c 

8 


CD 


5 
o 


H 

U 

S 

H 
-< 

H 


»^   HI     ^ 

O^  Ov  PO 


O     10   M     M      ^« 

c 


cd  c« 

bio  bio 


bfibfi 


S»5 


K 


•  ^     ^     "     ■    ^ 

i    .'    !    !  -(^ 
•    •    •    •    § 


O  O  I'  •^ 
PQpn 


«i  b  rt  flS  CO  oj^ 
•d  g'GOb^rt  be  35 

o  c  2  SS  ^  SS  ^ 


5^'d'd 


*      r 


Digitized  by  VjOOQIC 


134 


Bulletin  288 


o 
g 
p 

H 

CO 
CO 

& 

OS 

O 

H 

H 

a 

H 

-< 
H 

H 
o 
o 

H 

-< 
»J 
H 

OS 

o 

o 
a 

H 
•J 
A 


J) 

•0 

Wi 

c«  a 

f4 

wa  0 

ua-*^ 

s 

:3 

06 

X 

Q 

H 

too             M             ^0 

!S 

c 

ro «         M         MO 

CO 
CO 

2 

0^ 

(J 

2 
H 
0 



0$ 

bA 

M 

.  C 

P^ 

^'5 

.    0 

•g 

j 

•     •         II 

6 

Case 
Case 

Case 

Case 
Case 

pj 

...         .11 

0 

•>                    •.                               m 

*-j* 

fO        fO              fO 

8 

<i       «       ei  « 

=§. 

MM                      M 

a 

<; 

■■'% 

^ 

:jj 

s 

-."^ 

g 

■H 

;  rt 

■  cd 

"d 

•  C 

'  OS 

au 

■.s 

.ss 

'.JS 

5 

•  2  r 

•I 

:  0 

•     M 

:j3  ih 

:S 

■-% 

H 

••t2  rt 

•J 

'.ji 

OS 

:^-S 

•  0 

■s 

"21 

.    1 

•c 

.§6  . 

iL 

1-^-  g-"  E  >< 

gSS'-^s^S 

^!  c3  rt-O  ctf'O  « 

g-M&oq  bcC^ 

c.2.5  *.2  «  0 

H" 

>'^ 

:'^ 

^ 

(f 

)       II 

Digitized  by  VjOOQIC 


Spray  Injury  Induced  by  Ltme-Sudfur  Preparations        135 

We  see  by  this  table  that  in  every  case  the  russeting  was  decidedly 
more  marked  on  the  bordeaux-sprayed  fruit  than  on  fruit  treated  with 
lime-sulfur  preparations  of  any  kind.  There  was  even  less  russeting  on 
the  latter  than  on  the  unsprayed.  We  cannot  explain  why  the  lime-sulfur 
should  lessen  the  natural  russeting  or  that  induced  by  weather  conditions, 
but  in  each  case  there  was  a  smaller  percentage  of  the  fruit  thus  injured. 
This  difference  was  even  more  pronounced  in  our  work  of  last  season 
(1909),  when  the  russeting  on  lime-sulfur-sprayed  fruit  was  3.7  per  cent, 
on  unsprayed  29  per  cent,  and  on  bordeaux-sprayed  82  per  cent. 

While  it  may  be  possible  that  lime-sulfur  under  certain  conditions  does 
cause  russeting  of  fruit  it  is  quite  evident  that  it  did  not  do  so  in  any 
of  the  cases  referred  to  above.  In  August,  1910,  we  were  shown  a  block 
of  trees  belonging  to  Mr.  P.  J.  Teats,  of  Williamson,  which  had  been 
sprayed  late  with  Niagara  lime-sulfur  (heavy  grade),  diluted  1-7,  and 
arsenate  of  lead.  The  leaves  had  been  considerably  scorched  but  the 
fruit  was  perfectly  smooth.  One  would  naturally  expect  to  find  russeting 
from  lime-sulfur  here  if  anywhere.* 

remarks  and  conclusions 

We  are  yet  uncertain  as  to  what  extent  and  in  what  way  lime-sulfur 
injury  is  influenced  by  weather  conditions.  There  seemed  in  our  experi- 
ments to  be  no  correlation  between  the  weather  at  the  time  of  or  after 
application  and  the  resulting  injury.  It  is  probable  that  the  general 
weather  conditions  of  the  season  previous  to  the  time  of  application  may 
so  influence  the  foliage  as  to  make  it  more  or  less  susceptible  to  lime- 
sulfur  spray  injury. 

The  method  of  application  is  a  very  important  factor.  Over-drench- 
ing is  likely  to  cause  burning  of  the  foliage  and  should  be  avoided,  at 
the  same  time  care  being  taken  to  thoroughly  coat  all  parts  of  the  tree. 

Arsenate  of  lead  is  the  only  arsenical  that  has  thus  far  proved  to  be 
safe  for  use  with  lime-sulfur  solution  on  apple  foliage.  Arsenite  of 
lime,  arsenite  of  soda-  or  paris  green  is  Ukely  to  cause  serious  foliage 
injury,  while  arsenate  of  lead  decreases  to  some  extent  the  caustic  prop- 
erties of  lime-sulfur  solutions.  It  is  possible,  however,  that  it  may  in 
some  cases,  also  cause  injury  after  long  exposure  to  the  action  of  the 
atmosphere,  or  when. applied  with  the  gas  sprayer.     (See  p.  121). 

*  Since  the  above  was  set  in  type,  we  have  read  the  manuscript  of  a  forthcoming 
bulletin  of  the  Maine  Agricultural  Experiment  Station  by  W.  W.  Bonus,  and  of 
a  New  York  (Geneva)  Experiment  Station  Bulletin  by  P.  J.  Parrott,  in  which  the 
authors  record  russeting  of  fruit  which  they  consider  to  have  been  caused  by 
lime-sulfur  solution.  A.  B.  Cordley,  of  Oregon,  in  a  letter  reports  similar .  fruit 
injury.  All  agree,  however,  that  the  fruit  injury  caused  by  lime-sulfur  is  of  minor 
importance. 
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The  addition  of  lime  or  the  retention  of  the  sediment  in  the  lime- 
sulfur  solution  seemed  to  have  very  little  if  any  effect  on  the  amount  of 
foliage  injury  caused  by  the  spray. 

Precipitation  of  lime-sulfur  solution  alone  by  carbon  dioxid,  applying 
it,  for  example,  with  the  gas  sprayer,  prevents  its  caustic  action  on  peach 
foliage  when  used  even  as  strong  as  1-30.  Precipitation  of  lime-sulfur 
and  arsenate  of  lead  in  the  same  way  is  very  dangerous  when  used  on 
peach  foliage.  There  was  in  this  case  no  serious  burning  of  apple  foliage 
treated  in  this  way.  The  carbon  dioxid  probably  liberates  soluble  arsenic, 
which  seems  to  be  responsible  for  the  burning.  It  would  therefore  not  be 
advisable  to  use  a  gas  sprayer  when  lime-sulfur  solution  and  arsenate  of 
lead  are  to  be  combined,  on  peach  foliage,  at  least. 

Infection  of  apple  leaves  by  the  scab  fungus  previous  to  application 
is  one  of  the  most  common  causes  of  spray  injury.  The  injury  caused 
by  the  fungus  admits  the  spray  material  to  the  inner  tissues  of  the  leaf 
more  readily.  Probably  insect  injuries  sometimes  play  an  important  part 
in  spray  injury  also. 

There  is  some  evidence  that  the  foliage  of  healthy  vigorous  trees  is 
better  able  to  resist  the  caustic  action  of  the  spray  material  than  that  of 
weak  ones.  Just  how  far  this  is  due  to  physiological  effects  and  how  far 
to  greater  injury  by  parasites  is  as  yet  uncertain. 

Varietal  susceptibility  is  important,  at  least  with  pears.  The  Duchess 
is  much  more  susceptible  to  spray  injury  on  the  foliage  than  any  othei 
variety  noted.  With  apples,  no  marked  degree  of  resistance  or  suscepti- 
bility has  been  noted  in  any  of  the  varieties  observed  by  us.  Scott,  how- 
ever, notes  that  the  Winesap  was  much  more  resistant  to  spray  injury 
than  other  varieties. 

On  peach  foliage.  Swift's  arsenate  of  lead  alone  caused  foliage  injury 
to  appear  sooner  than  where  the  same  amount  was  used  with  lime-sulfur 
solution  diluted  1-150.  Injury  from  the  latter  appeared,  however,  about  a 
month  later  and  the  type  of  injury  was  identical  with  that  caused  by 
arsenate  of  lead  alone.  This  indicates  that  this  soluble  arsenic  was  in 
some  way  at  4irst  neutralized  by  the  lime-sulfur  but  later  made  soluble 
after  long  exjx)sure  to  atmospheric  agents.     (See  p.  122). 

If  russeting  of  apples  is  ever  due  to  the  lime-sulfur  spray  it  is  very 
rare  and  of  minor  importance.  There  was  this  season  considerable 
russeting  on  unsprayed  fruit  due  to  natural  causes.  In  our  experiments, 
even  this  natural  russeting  was  reduced  by  the  lime-sulfur  spray. 

The  action  of  lime-sulfur  in  causing  injury  differs  fundamentally  from 
that  of  bordeaux.  Bordeaux  injury  may  in  some  cases  not  occur  for 
some  time  after  the  spray  is  applied  or  until  the  atmospheric  conditions 
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are  favorable.  Lime-sulfur  injury,  we  believe,  is  caused  before  the  solu- 
tion has  dried  on  the  tree.  In  other  words,  in  bordeaux  as  applied  the 
copper  is  in  the  insoluble  (hydroxid)  or  harmless  form  and  cannot  cause 
injury  until  certain  changes  occur.  In  lime-sulfur  solution,  on  the  other 
hand,  the  sulfur  is  applied  in  the  soluble  (harmful)  form  which  is  many 
times  more  caustic  than  at  any  time  after  it  has  once  dried.  It  is  probable 
that  all  cases  of  delayed  or  prolonged  occurrence  of  injury  from  lime- 
sulfur  combined  with  an  arsenical  have  been  caused  by  the  arsenic  and 
not  by  the  lime-sulfur. 
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LIME-SULFUR  AS  A  SUMMER  SPRAY 
General  Results  of  Investigations  During  1909-1910 

Bordeaux  mixture,  which  has  been  the  standard  fungicide  for  years, 
is  well  known  to  have  one  seriously  objectionable  effect,  especially  when 
used  to  control  apple  scab,  in  that  under  certain  weather  conditions 
it  induces  serious  russeting  of  the  fruit  and  sometimes  causes  foliage 
injury.  This  fact  constitutes  the  main  reason  why  we  are  looking  for 
substitutes.     Experiments  by  several  investigators  during  the  past  three 


Fig.  70. — Power  sprayer  used  at  Sodus  in  the  1910  experiments. 
years  have  given  promise  that  the  objectionable  features  of  bordeaux 
may  be  avoided  and  as  good  results  obtained  by  substituting  some  form 
of  lime-sulfur  preparation. 

During  the  seasons  of  1909  and  1910,  the  writer  has  conducted  ex- 
periments as  a  Fellow  on  the  Niagara  Sprayer  Company  Fellowship  in 
the  Department  of  Plant  Pathology,  under  the  general  direction  of 
Professor  H.  H.  Whetzel.  The  work  of  1909  was  conducted  on  the 
farm  of  Mr.  L.  B.  Frear  of  Ithaca,  and  continued  on  a  more  elaborate 
scale  at  Sodus,  N.  Y.,  in  the  orchards  of  B.  J.  Case,  Henry  Baxter, 
Daniel  Legasee,  Paulus  Johnson  and  Mr.  Green.  Much  credit  is  due  to 
all  of  these  men  for  the  very  liberal  manner  in  which  they  co-operated  in 

the  work.  Digitized  by  GOOglC 
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The  present  article  consists  only  of  a  bare  statement  of  some  of  the 
most  practical  conclusions  drawn  from  these  experiments,  leaving  prac- 
tically all  discussion  for  other  publications  which  treat  the  various  phases 
of  the  subject  in  detail.  For  a  further  and  more  technical  discussion  the 
reader  is  referred  to  bulletin  288  on  "Lime-Sulfur  Injury,"  and  to 
bulletin  290  on  "  Studies  of  the  Fungicidal  Value  of  Lime-Sulfur  Prepa- 
rations" 

CONTROL  OF  THE  APPLE  SCAB 

The  following  tables  record  the  results  of  our  principal  experiments 
on  the  control  of  the  apple  scab  during  the  seasons  of  1909  and  1910. 
The  times  of  applications  are  indicated  with  each  fungicide  by  numbers, 
Ex.  I,  3,  4: 

1  Just  as  color  showed  in  blossom  buds  (Fig.  76). 

2  Just  as  blossoms  fell  (Fig.  77), 

3  Two  weeks  after  blossoms  fell  (Fig.  78). 

4  Nine  weeks  after  blossoms  fell. 

Table  i. —  Results  of  Spraying  Experiments  on  Greenings  in  the  Frear 

Orchard  During  1909. 


Treatment 


Sound 

% 


Scabby 


Rus- 
seted 

% 


Wormy 
% 


Total 
number 
cotmted 


Unsprayed 

Bordeaux  3—4-50  +lead  arsenate 

3-So 

Lime-sulfur  (heavy  grade)  1-30  + 

lead  arsenate  3-50 


2.5 

9-9 

52.0 


42.3 
3.0 
3.6 


29.7 

82.2 

3-7 


25.0 
3.3 

1-5 


1,663 
2,33a 
2,632 


Note. —  In  this  case  application  No.  2  was  the  only  effective  one. 

'Table   2. —  Results  op  Spraying  Experiments  on   Baldwins  in  the  Xase 

Orchard  During  1910. 


Treatment 


Sound 

Scabby 

% 

Rus- 

seted 

% 

Codling 

Moth 

% 

1-3 

98.7 

35-5 

7.2 

26.6 

18.3 

60.3 

.8 

61.3 

II. 7 

26.4 

•5 

61.2 

26.4 

II. 6 

.8 

71.3 

13.8 

14.6 

.3 

Total 
number 
counted 


Unsprayed : . . 

Bordeaux  3-3-50  +lead  arsenate 
2-50  (Nos.  1-2-3-4) 

Lime-sulfur  (heavy  grade)  1-30  + 
lead  arsenate  2-50  (Nos.  1-2-3- 
4) 

Lime-sulfur  (heavy  grade)  1-30  + 
lime  4-50  (Nos.  1—2-3-4) 

Lime-sulfur  (heavy  grade)  1-30  + 
lead  arsenate  2-50  +lime  4-50 
(No.  2  only) 


730 
2,687 

2,902 
1.423 


877 
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Fig.  71. — Greenings  as  they  hung  on  the  trees  sprayed 
with  bordeaux  mixture  and  lead  arsenate. 


Fig.  72. — Greenings  as  they  hung  on  the  trees  sprayed 
with  lime-sulfur  and  lead  arsenate. 
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Table  3. —  Results  of  Spraying  Experiments  on  Baldwins  in  the  Legasee 
*  Orchard  During  1910. 


Treatment 


Sound 

% 

Scabby 
% 

Rus- 
seted 

% 

Codling 

Moth 

% 

30.2 

69.8 

37-4 

37.9 

30-0 

17.7 

62.0 

1.9 

73.2 

13.2 

130 

•5 

65.2 

22.0 

12.6 

1.9 

58.2 

16. 1 

23.3 

3.4 

68.8 

14.3 

16. 1 

.6 

Total 
number 
counted 


Unsprayed 

Bordeaux  3-3-50  +lead  arsenate 
2-50  (Nos.  1-2-3-4) 

Lime-sulfur  (clear)  1-30  +lead  ar- 
senate 2-50   (Nos.  2-3-4) 

Lime-sulfur  (clear)  1-30  -f-lead  ar- 
senate (Nos.  1-2-3.  ^o-  4 
omitted) 

Lime-sulfur  (home-boiled)  20-15- 
50  (diluted  equal  1-30)  +lead 
arsenate  2-50  (Nos.  1-2-3-4).. 

Lime-sulfur  (heavy  grade)  1-30  + 
lead  arsenate  2-50  (Nos.  1-2-3- 
4) 


496 
1,500 
1. 531 

1,685 

1.373 
2.235 


Table   4. —  Results   op   Spraying   Baldwins   on   a   Commercial   Scale. 
Sprayed  by  Mr.  Case's  Men. 


Treatment 

Sound 

% 

Scabby 

% 

Rus- 
seted 

% 

Codling 

Moth 

% 

Total 
number 
counted 

Lime-sulfur    1-40  +lead    arsenate 
2-^0  (Nos.  1-2-^-4) 

62.3 

,7.8 

19.3 

•5 

1 ,011 

Table  5. —  Results  of  Spraying  Experiments  on  Greenings 

IN  THE  Legasee 

Orchard  During 

1910. 

Rus- 
seted 

% 

Cod- 

Lesser 

Total 

Sound 

Scabby 

ling 
moth 

apple 

num- 

Treatment 

% 

% 

worm 

ber 

.% 

% 

counted 

Unsprayed 

26.6 

58.3 

II  .2 

22.4 

4.8 

624 

Bordeaux  3-3-50 -Head  arsen- 

ate 2-50  (Nos.  1-2-3-4) 

34.5 

6.6 

58.2 

3-2 

7.6 

2.745 

Lime-sulfur  (clear)   1-30+ lead 

arsenate  2-50  (Nos.  1-2-3-4) 
Lime-sulfur  (heavy  grade)  1-30 

87.0 

6.9 

2.1 

1.2 

2.6 

1,291 

+  lead  arsenate  2-50  (Nos.  i- 

2-3-4) 

82.9 

12.9 

1.4 

105 

1.7 

3.135 

Li  me -sulfur  (heavy  grade)  1-30 

+lead   arsenate    2-50    (Nos. 

i-a-3) 

74.0 

17.1 

2.6 

3-1 

3-8  1 

90s 
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Table  5  — (Concluded). 


Treatment 


Sound 
% 


Scabby 
% 


Rus- 

seted 

% 


Cod- 
ling 
moth 
% 


Lesser 

apple 

worm 

% 


Total 
num- 
ber 
counted 


Lime-sulfur  (heavy  grade)  1-30 
+  lead  arsenate  2-50  (Nos. 
3-4) 

Sediment  of  Niagara  lime- 
sulfur  1-15+ lead  arsenate 
2-50  (Nos.  1-2-3-4) 

Lime-sulfur  (home-boiled  cone) 
1-30  +  lead  arsenate  2-50 
(Nos.  1-2-3-4) 

Lime-sulfur  (h  o  m  e-b  oiled) 
made  with  excess  of  lime  di- 
luted to  equal  1-30  -I- lead 
arsenate  2-50  (Nos.  1-2-3-4) 


34.4 
830 
73-6 

43.8 


58.9 
131 
13-5 

44.4 


4« 


1-3 


5-2 


II. 5 

•5 

I .  I 

2.9 


5.8 


1.6 


5-2 


926 

1,252 
1.095 

171 


Table  6. —  Results  op  Spraying  Experiments  on  Greenings  in  the  Baxter 

Orchard  During  1910. 


Treatment 


Sound 
% 

Scabby 
% 

Rus- 

seted 

% 

Cod- 
ling 
moth 
% 

Lesser 

apple 

worm 

% 

•5 

79-4 

9.1 

72.0 

5.7 

34.1 

17-7 

39.7 

4.0 

4-3 

80.4 

10.9 

3-4 

30 

2.2 

70.3 

8.1 

.0 

14.9 

6.7 

65.0 

18. 1 

4.4 

II. 0 

1.3 

23 -7 

29.5 

6.9 

58.2 

.8 

75-5 

7.7 

5-4 

8.0 

3-3 

68.5 

26.7 

1. 1 

1 .2 

2.5 

54.5 

39-9 

1.8 

1.9 

1.9 

53-6 

390 

1.6 

3.1 

2.5 

62.6 

33.0 

1.4 

2.4 

.5 

Total 
num- 
ber 
counted 


Unsprayed 

Bordeaux  3-^-50  +lead  arsen 

ate  2-50  (Nos.  1-2-3) 

Lime-sulfur  (clear)   1-30  +lead 

arsenate  2-50  (Nos.  1-2-j). . 
Lime-sulfur  (clear)  1-40  +lead 

arsenate  2-50  (Nos.  1-2-^) . . 
Lime-sulfur  (clear)   1-30  +iead 

arsenate  2-50  (No.  2  onlv) . . 
Lime-sulfur  (clear)  1-30  alone, 

no  lead  arsenate  (Nos.  1-2-3) 
Lime-sulfur  (clear)   1-30  +lead 

arsenate  2-50  pp't.  with  gas 

sprayer  (Nos.  1-2-3) 

Seaiment  of  home -boiled  lime- 

sulfur  made  with  pure  lime 

2-30  +lead     arsenate     2-50 

(Nos.  1-2-3) 

Magnesium    oxid    10-50+ lead 

arsenate      2-50  +  Resin     sal 

soda  sticker  (nos.  1-2-3).  •  • 
Self-boiled  lime-sulfur  10-10-50 

+  lead  arsenate   2-50    (Nos. 

1-2-3) 

Self-boiled  lime-sulfur  10-10-50 
+lead  arsenate  2-50  +  iron 
sulfate  3-50  (Nos.  1-2-3)  •  •  - 


175 
322 
265 
74 
226 
261 

334 

752 
782 

313 
415 
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Table   7. —  Results   op   Spraying   Experiments   on   Hubbardstons   in   the 
Baxter  Orchard  During  1910. 


Treatment 


Sound 

% 

Scabby 
% 

Rus- 

seted 

% 

Cod- 
ling 
moth 
% 

Lesser 
apple 
worm 

% 

.0 

94.6 

6.9 

89.9 

II. 6 

85.0 

3-2 

1.9 

2.6 

71 

87.6 

3  3 

1 .2 

3.6 

4.2 

66.8 

29.4 

I .  I 

■4 

2.0 

49.6 

45   9 

.9 

1. 1 

2.3 

35.4 

53    I 

2.0 

7-3 

2.0 

76.7 

17. 1 

.0 

4.3 

18 

69.9 

6.1 

1 .2 

4-9 

2.9 

Total 
num- 
ber 
counted 


tJnsprayed 

Lime-sulfur  (clear)  1-40+ lead 
arsenate  2-50  (Nos.  1—2-3). 

Lime-sulfur  (clear)  1-30+ lead 
arsenate  2-50  (Nos.  1-2-3). 

Lead  arsenate  (alone)  2-50 
(Nos.  1-2-3) 

Magnesium  oxid  10— :o  +lead 
arsenate  2-50  +  rtsin  sal 
soda  sticker  (Nos.  1-2  -3) .  • 

Sediment  of  home-boiled  lime- 
sulfur  made  with  pure  lime 
2-30  (Nos.  1-2-3) 

Self -boiled  lime-sulfur  10-10-50 
-Hlead  arsenate  2-50+ iron 
sulfate  3-50 

Lime-sulfur  (dear)  1-30  +lead 
arsenate  2-50  pp't.  with  gas 
sprayer  (Nos.  i-a-3)  . . . 


129 
154 
664 
432 

518 

96 

275 
672 


Below   is   taken  up   a   brief   consideration  of   the   important   points 
brought  out  by  these  experiments. 


EFFICIENCY   OF   LIME-SULFUR   SOLUTION   AS  COMPARED   WITH   BORDEAUX 

As  a  result  of  our  work  and  observations  for  the  past  two  years, 
together  with  the  results  recorded  by  others,  we  are  convinced  that  lime- 
sulfur  solution  properly  used  in  combination  with  lead  arsenate  is  as 
effective  in  controlling  apple  scab  as  bordeaux  mixture.    The  itivestiga- 
tion  has  included  a  dry  and  a  wet  season  with  good  results  in  both  cases. 
In  1909,  the  season  was  dry.     In  our  own  experiments,  scab  was  re- 
duced from  42  per  cent,  to  3  per  cent,  with  bordeaux  and  lead  arsenate, 
and  to  3.6  per  cent,  with  lime-sulfur  and  lead  arsenate.     See  Table  i. 
Tables  2-7  show  that  during  1910  in  three  different  orchards  experiments 
with   home-boiled  and  commercial  preparations  of  lime-sulfur  diluted 
1-30  and  1-40  (on  the  basis  of  a  32°  Beaume  test)  combined  with  lead 
arsenate,  and  bordeaux  3-3-50  combined  with  lead  arsenate,  were,  on 
an  average,  about  equally  effective.     The  lime-sulfur  was  used  success- 
fully on   Baldwins,   Greenings,   Ben   Davis,   Hubbardstons   and   Pound 
Sweets. 
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the  addition  of  lead  arsenate  to  the  lime-sulfur 

The  combination  of  lead  arsenate  with  the  lime-sulfur  solution  causes 
a  chemical  reaction,  changing  the  composition  of  some  of  the  lead 
arsenate  and  the  lime-sulfur  solution.  It  had  been  predicted  by  chemists 
that  this  reaction  would  reduce  the  fungicidal  value  of  the  lime-sulfur, 
the  insecticidal  value  of  the  lead  arsenate,  and  increase  the  burning 
properties  of  the  spray. 

Our  experiments  both  in  laboratory  and  field  tests  have  proved  beyond 
doubt  that  the  addition  of  lead  arsenate  not  only  does  not  decrease  the 
fungicidal  value  of  lime-sulfur  solution  but  rather  increases  it  by  about 
50  per  cent.  In  the  laboratory,  fungicidal  tests  on  spore  germination 
with  summer  spores  (conidia)  of  the  apple  scab  fungus  were  made. 
Lime-sulfur  alone  diluted  1-50  reduced  germination  from  50  per  cent, 
to  12.5  per  cent.,  while  with  i-ioo  and  lead  arsenate  added  at  the  rate 
of  2  pounds  to  50  gallons,  it  was  reduced  from  66  per  cent,  to  o  per  cent.* 

On  the  trees,  apple  scab  was  reduced  from  79.4  per  cent,  to  29.5  per 
cent,  by  lime-sulfur  1-30  alone,  and  to  10.9  per  cent,  by  the  same  con- 
centration of  lime-sulfur  with  lead  arsenate  added. 

On  pear  trees,  the  pedicle  infection,  which  in  bad  cases  caused  dropping 
of  young  buds  and  blossoms,  was  counted  May  19th  to  get  a  line  on  the 
early  infection.  With  lime-sulfur  1-40  alone,  applications  i,  2,  3  reduced 
this  early  infection  from  73  per  cent,  to  13  per  cent,  while  the  same 
concentration  of  lime-sulfur  and  lead  arsenate  reduced  it  to  6  per  cent, 
with  application  No.  i  only.  On  June  2nd  the  plat  given  sprayings  Nos. 
I,  2,  3,  using  the  lime-sulfur  alone,  showed  76  per  cent,  infection,  while 
the  unsprayed  showed  100  per  cent,  infection;  with  application  No.  i 
only,  using  lime-sulfur  and  arsenate  of  lead,  there  was  11.7  per  cent, 
of  scab. 

THE  SEDIMENT  IN  LIME-SULFUR 

The  general  opinion  has  been  that  the  sediment  or  solid  part  of  a 
heavy-grade  lime-sulfur  or  of  a  home-boiled  preparation  is  worthless. 
According  to  laboratory  tests,  sediment  from  heavy-grade  Niagara  lime- 
sulfur  was  shown  to  have  about  one-half  as  much  fungicidal  value  as  the 
solution,  volume  for  volume.  Accordingly,  during  1910,  Greening  trees 
were  sprayed  with  the  sediment  which  had  been  filtered,  washed,  and 
diluted  2-30,  1.  e.,  half  as  dilute  as  the  clear  solution.  Arsenate  of  lead 
was  used  with  it.  The  scab  was  reduced  from  58.3  per  cent,  to  13.  i  per 
cent.,  which  compares  quite  favorably  with  most  plats  sprayed  with  the 
solution,  as  shown  in  Table  5.    Further  studies  indicated  that  the  value 

♦  For  method  used  in  making  these  tests,  see  Wallace,  E.,  Blodgett,  F.  M.,  and 
Hesler.  L.  R.,  Studies  of  the  Fungicidal  Value  of  Lime-sulfur  Preparations,  N.  Y. 
(Cornell)  Agr.  Exp.  Sta.  Bui.  ago.     191 1. 
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of  the  sediment  may  vary  with  the  magnesium  content  of  the  lime  used  in 
preparing  the  solution.  Magnesium  oxid  itself,  according  to  laboratory 
tests,  has  considerable  fungicidal  value.  Sediment  from  a  home-boiled 
solution  made  with  pure  lime  (CaO)  was  less  effective  in  preventing 
spore  germination  than  when  25  per  cent,  of  magnesium  oxid  was  added 
to  the  lime  used,  previous  to  boiling,  as  shown  by  the  writer  et  al  ('ii). 

Magnesium  oxid  alone,  10  pounds  to  50  gallons,  without  any 
poison,  reduced  scab  or  "  black  spot "  on  early  St.  Johns  peaches 
from  56.5  per  cent,  to  3.5  per  cent.  On  apples,  however,  the  magnesium 
oxid  with  lead  arsenate  did  not  control  scab  any  more  effectively  than 
did  the  lead  arsenate  alone,  and  according  to  count  (Tables  6  and  7) 
it  was  even  less  effective.  We  attribute  the  fiaiilure  to  control  scab  in 
this  case  to  the  very  poor  adhesive  qualities  of  the  magnesium,  oxid. 
Sediment  from  a  preparation  to  which  magnesium  was  added,  however, 
so  far  as  data  are  available  seemed  more  effective  on  the  trees  than  that 
from  a  preparation  made  with  pure  lime  alone.  Since  only  a  few  apples 
set  on  the  trees  sprayed  with  the  magnesium  sediment  this  experiment  is 
not  conclusive. 

In  concluding  the  discussion  of  magnesium  and  of  sediment  we  wish  to 
make  it  clear  that  we  are  not  recommending  the  use  of  magnesium  lime 
for  the  preparation  of  lime-sulfur  solution  nor,  in  general,  the  use  of 
sediment.  Even  though  it  be  demonstrated  that  magnesium  under 
certain  conditions  may  prevent  fungus  infection,  it  does  not  demonstrate 
the  advisability  of  using  magnesium  lime  in  preparing  the  solution. 
There  are  several  things  to  be  considered  in  this  regard.  It  would 
doubtless  be  somewhat  wastefiil  if  the  sediment  is  to  be  discarded,  since 
the  magnesium,  according  to  Van  Slyke  et  al.  ('09),  does  not,  to  any 
extent,  go  into  solution,  but  remains  in  the  sediment.  If,  then,  the 
sediment  is  discarded,  the  magnesium  is  discarded  with  it.  Again,  since 
the  magnesium  does  not  go  into  solution,  considerable  more  sediment 
will  be  formed  when  it  is  present  in  the  lime  used,  and  this  may  in  some 
cases  be  rather  objectionable.  These  authors  also  state  (1.  c.  410)  that 
in  cooking  considerable  hydrogen  sulfid  (HoS)  is  formed  when  mag- 
nesium lime  is  used.  This  is  unpleasant  and  unhealthy  for  workmen  and 
also  results  in  the  loss  of  some  sulfur. 

All  we  can  say  at  present  is  that  according  to  laboratory  and  field 
tests  which  are  not  yet  positively  conclusive   (extending  over  only  a 

C05)  Van  Slyke.  L.  L..  Hedges,  C.  C.  Bosworth,  A.  W.,  A  Chemical  Study  of 
the  Lime-sulfur  Wash.    N.  Y.  (Geneva)  Aer.  Exp.  Sta.  Bui.  319:  I.e.  410-41 1.    1909. 

('11)  Wallace.  E.,  Blodgett,  F.  M.,  and  Hesler.  L.  R.,  Studies  of  the  Fungicidal 
Value  of  Lime-Sulfur  Preparations.    N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bui.  390.    191 1. 
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Fig.  73. —  Greenings  from  unsprayed  trees.    Scabby  apples  on  the  left. 


Fig.  y4.-^Greenings  from  trees  sprayed  with  lime-sulfur  1-30  and  lead  arsenate 
2  lbs.  to  50  gals.    Scabby  apples  on  the  left. 


Fig.  75. —  Greenings  from  trees  sprayed  with  sediment  from  commercial  lime^ 
sulfur  (Niagara  brand)  1-15.  with  2  lbs.  lead  arsenate  to  50  gals.  Scabby 
apples  on  the  left. 
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single  season),  the  presence  of  magnesium  in  the  sediment  increases  its 
fungicidal  value  and  that  the  sediment,  especially  from  a  solution  made 
from  lime  high  in  magnesium  content,  is  evidently  worth  using  and  should 
not  be  discarded  as  a  worthless  product.  It  is  probable  also  that  if  the 
sediment  is  used  with  the  solution,  there  is  no  loss  of  fungicidal  value 
due  to  the  use  of  magnesium  lime  since  the  magnesium  would  more  than 
atone  for  the  loss  of  the  small  amount  of  sulfur  which  it  occasions.  On 
the  other  hand,  it  is  probably  true  that  the  greater  inconvenience  occa- 
sioned by  the  presence  of  magnesium  in  preparing  the  solution  and  neces- 
sity of  handling  a  larger  amount  of  sediment  makes  it  desirable  to  use 
pure  lime.  As  to  whether  the  grower  should  purchase  a  commercial 
brand  containing  sediment  is  a  question  we  do  not  attempt  to  answer. 
Our  experiments  for  one  season  seem  to  show  that  the  sediment  from 
Niagara  lime-sulfur  has  about  one-half  as  much  fungicidal  value  as  the 
same  volume  of  the  solution.  In  Mr.  Legasee's  orchard,  a  test  was  made 
in  comparing  the  heavy  and  the  light  grades.  As  shown  in  Table  5,  there 
was  somewhat  more  scab  on  the  trees  sprayed  with  the  heavy  grade. 
The  difference  was  not  great,  and  since  the  heavy  grade  in  the  other 
orchards  compared  as  favorably  with  bordeaux  as  the  light  grade  did 
in  this,  we  are  inclined  to  think  that  this  variation  may  be  within  the 
range  of  experimental  error.  Since  only  one  tree  on  this  plat  was 
counted,  this  is  quite  possible. 

HOME-BOILED   CONCENTRATED    LIME-SULFUR 

There  is  no  reason  why  a  home-boiled  concentrated  lime-sulfur  should 
not  be  as  safe  and  effective  as  the  commercial  if  carefully  prepared  and 
diluted  according  to  its  strength.  A  row  of  trees  in  Mr.  Legasee's 
orchard  was  sprayed  with  a  home-boiled  concentrate  prepared  according 
to  the  method  of  Van  Slyke  and  Parrott  ('09)  and  diluted  to  the  same 
test  as  the  commercial  preparation.  The  control  was  practically  equal 
in  each  case  (see  Table  5)  and  no  difference  as  to  foliage  injury  could 
be  noted. 

The  directions  for  the  preparation  of  home-boiled  concentrate  solution 
as  given  by  Van  Slyke  and  Parrott  are  as  follows: 

"  For  making  the  concentrated  mixture  the  steps  are  the  same  as  in 
making  the  usual  boiled  wash,  but  60  pounds  of  lime  and  125  pounds  of 
sulfur  are  used  for  50  gallons  of  solution.  Slake  the  lime,  make  a  thin 
paste,  and  add  the, sulfur.  Flowers  of  sulfur  or  light  or  heavy  sulfur 
flour  may  be  used.  The  lime  should  be  fresh  lump  lime,  free  from  dirt 
and  grit,  containing  90  per  cent,  or  more  of  calcium  oxid  and  less  than 


('09)  Van  Slyke,  L.  L.  and  Parrott,  P.  J.,  Composition  and  Use  of  Lime-sulfur 
Wasbes.     N.  Y.  (Geneva)  Buls.  3x9  and  320  (Popular  edition) :  1.  c.  12,     1909. 
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5  per  cent,  of  magnesium  oxid.  Stir  thoroughly  during  the  hour  of 
cooking  to  break  up  the  lumps  of  ^sulfur.  Enough  water  should  be  added 
at  the  start  so  that  evaporation  will  not  leave  the  quantity  less  than  50 
gallons  when  the  cooking  is  ended.  If  kettles  are  used,  10  to  15  gallons 
additional  will  be  needed,  while  with  steam  none  may  be  required.  The 
kettles  should  be  considerably  larger  than  the  amount  of  wash  to  be 
made  to  prevent  loss  of  material  by  boiling  over.  The  clear  liquid  should 
be  drawn  oft  into  tight  containers  if  to  be  kept  any  considerable  time  and 
stored  where  there  is  no  danger  of  temperature  much  below  freezing." 

FUNGICIDAL    PROPERTIES   OF   LIME-SULFUR 

From  results  of  experiments  recorded  in  Cornell  Bulletin  290  we  are 
convinced  that  the  lime-sulfur  solution  as  it  goes  on  the  tree  does  not 
act  directly  as  the  fungicide.  In  drying,  relatively  insoluble  compounds 
are  formed,  among  which  is  to  be  found  the  active  agent.  It  is  well 
known  that  carbonic  acid  gas  as  used  in  the  gas  sprayer  destroys  the 
soluble  sulfur  in  a  very  short  time,  forming  a  fine,  comparatively  insol- 
uble precipitate.  This  modification  was  expected  to  destroy  the  fungi- 
cidal value  of  the  preparation.  From  our  studies  thus  far,  we  have  found 
it  to  be  as  efficient  when  precipitated  as  when  applied  in  the  soluble 
form.  Table  6  shows  this  result  to  have  been  verified  this  season  on 
apples  where  lime-sulfur  and  lead  arsenate  con:ibined  were  applied  in 
this  way.  On  peaches,  lime-sulfur  diluted  1-30  alone  applied  in  this 
way  reduced  the  brown  rot  on  Atlantas  from  45  per  cent,  to  1.5  per 
cent,  by  two  applications,  and  to  6.5  per  cent,  by  one.  The  foliage  was 
not  injured.  We  know  that  a  dilution  several  times  weaker  applied 
in  the  soluble  form  will  cause  serious  injury  if  heavily  applied  to  peach 
foliage.  It  is  evident,  therefore,  that  the  burning  properties  lie  in  the 
soluble  sulfids  and  that  the  fungicidal  properties  of  the  lime-sulfur  are 
not  affected  by  precipitation. 

Lime-sulfur  combined  with  lead  arsenate,  however,  applied  with  the 
gas  sprayer  caused  serious  foliage  injury  on  peaches,  evidently  result- 
ing from  the  chemical  action  of  the  gas  on  the  arsenical  present  in  its 
changed  form.  On  apples,  this  caused  only  slight  injury  in  the  case 
cited.  Although,  as  stated  above,  this  gave  good  control,  we  would  not, 
in  general,  advise  the  use  of  the  gas  sprayer  to  apply  lime-sulfur  solution 
combined  with  lead  arsenate  even  on  apples  until  it  had  been  further 
demonstrated  that  more  serious  burning  under  certain  conditions  might 
not  result.  On  the  other  hand,  if  the  grower  already  owns  a  gas  sprayer 
and  has  only  a  few  trees  to  spray,  the  probability  is  that  results  would 
be  satisfactory  if  he  used  this  machine,  though  we  cannot  guarantee  it. 
In  such  a  case,  the  agitator  must  be  kept  constantly  in  motion  as  the 
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precipitate  settles  very  quickly  and  otherwise  would  be  unevenly  dis- 
tributed. 

SPRAY  INJURY  CAUSED  BY  LIME-SULFUR 

Cornell  Bulletin  No.  288*  consists  entirely  of  a  discussion  of  this 
phase  of  the  subject,  to  which  the  reader  is  referred  for  more  detailed 
information  and  for  evidence  on  the  conclusions  herein  presented. 

In  our  experiments  there  seemed  to  be  no  correlation  between  the 
weather  at  the  time  of  or  after  application  and  the  resulting  spray  injury. 
In  this,  lime-sulfur  injury  differs  from  bordeaux  injury,  which  is  largely 
governed  by  weather  conditions. 

The  method  of  application  is  a  very  important  factor.  Over-irenching 
is  likely  to  cause  burning  of  the  foliage  and  should  be  avoided,  at  the 
same  time  taking  care  to  thoroughly  coat  all  parts  of  the  tree. 

Arsenate  of  lead  is  the  only  arsenical  that  has  thus  far  proved  to  be 
safe  for  use  with  lime-sulfur  solution  on  apple  foliage.  Arsenite  of 
lime,  arsenite  of  soda  or  paris  green  is  likely  to  cause  serious  foliage 
injury,  while  lead  arsenate  to  some  extent  reduces  the  caustic  properties 
of  lime-sulfur  solution. 

The  addition  of  lime  or  the  retention  of  sediment  in  the  lime-sulfur 
solution  seems  to  have  very  little  effect  on  the  amount  of  foliage  injury 
caused  by  the  spray.  Precipitation  of  lime-sulfur  solution  alone,  by 
carbon  dioxid,  as  when  applied  with  the  gas  sprayer,  prevents  its  caustic 
action  on  peach  foliage  even  when  used  as  strong  as  1-30.  Precipitation 
of  lime-sulfur  and  lead  arsenate  in  the  same  way  is  very  dangerous  when 
used  on  peach  foliage.  The  carbonic  acid  gas  liberates  soluble  arsenic, 
which  seems  to  be  responsible  for  the  burning. 

Infection  of  apple  leaves  by  the  scab  fungus  previous  to  application, 
by  injuring  the  leaf,  admits  the  spray  material  more  readily  to  the  inner 
tissues  and  burning  results.  This  is  one  of  the  most  common  causes  of 
spray  injury  to  foliage.  Probably  insect  injuries  also  play  an  important 
part. 

There  is  also  some  evidence  that  the  foliage  of  healthy  vigorous  trees 
is  better  able  to  resist  the  caustic  action  of  the  spray  material  than  that 
of  weak  ones.  Just  how  far  this  is  due  to  physiological  conditions  and 
how  far  to  greater  injury  by  parasites  which  naturally  occur  in  uncared- 
for  orchards  is,  as  yet,  uncertain. 

Varietal  susceptibility  to  injury  is  important,  at  least  in  case  of  pears. 
The  Duchess  is  more  susceptible  than  afty  other  variety  observed  in  our 
experiments.     In  apples,  no  marked  degree  of  resistance  or  susceptibility 


1910 


*  Wallace.  E..  Lime-sulfur  Injury.     N.  Y.  (Cornell)  Agr.  Exp.  Sta.    Bui.  288. 
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has  been  noted  on  any  varieties  observed  by  us.  Scott  ('09),  however, 
notes  that  the  Winesap  is  more  resistant  to  spray  injury  than  other 
varities. 

Russetting  of  apples  by  lime-sulfur  is,  at  least,  rare  and  of  minor  im- 
portance as  compared  with  that  caused  by  bordeaux.  Considerable  natural 
russeting  occurred  the  past  season  (1910)  on  unsprayed  trees,  especially 
on  Baldwins,  caused  by  certain  weather  conditions.  In  our  experiments 
there  was  in  both  seasons  even  less  russeting  on  the  lime-sulfur  sprayed 
than  on  the  unsprayed  trees  (Tables  i  and  5).  We  have  not  yet  seen 
a  clear  case  of  russeting  from  lime-sulfur  but  such  have  been  reix^rted 
and  we  cannot  dispute  the  possibility.  Aside  from  the  russeting,  apples 
sprayed  with  lime-sulfur  have  invariably  been  more  highly  colored  and 
had  a  finer,  more  waxy  finish  than  those  sprayed  with  bordeaux. 

The  action  of  lime-sulfur  in  causing  injury  differs  fundamentally  from 
.  that  of  bordeaux.  Bordeaux  injury  may  not  occur  for  some  time  after 
the  spray  is  applied,  i.e.,  until  atmospheric  conditions  are  favorable. 
Lime-sulfur  injury,  we  believe,  is  caused  before  the  solution  has  dried 
on  the  tree.  In  other  words,  in  bordeaux,  as  applied,  the  copper  is  in 
the  insoluble  (hydroxid)  or  harmless  form  and  cannot  cause  injury 
until  certain  changes  occur.  In  lime-sulfur  solution,  on  the  other  hand, 
the  sulfur  is  applied  in  the  soluble  (harmful)  form,  which  is  many 
times  more  caustic  than  at  any  time  after  it  has  once  dried.  It  is  probable 
that  all  cases  of  delayed  or  prolonged  occurrence  of  injury  from  lime- 
sulfur  combined  with  an  arsenical  are  due  to  the  arsenic  and  not  to  the 
lime-sulfur,  as  shown  by  the  writer  ('10)  in  Cornell  bulletin  288  cited 
above. 

TIME  AND   NUMBER  OF  APPLICATIONS   NECESSARY 

No  specific  directions  can  be  given  on  this  point.  The  time  will  vary 
whh  the  season  and  the  locality.  Dates  cannot  be  given.  The  best 
guide  for  the  grower  is  to  watch  the  development  of  the  fruit  buds  and 
the  weather.  The  first  application  should  be  given  before  the  blossoms 
open,  about  as  they  begin  to  show  pink  ( Fig.  76)  ;  the  second,  after 
the  blossoms  fall  or  when  about  two-lhirds  off  (Fig.  yj) ;  and  a  third 
two  weeks  later  (Fig.  78).  Sometimes,  if  the  late  summer  is  very 
rainy  or  dews  heavy,  a  fourth  application  may  be  necessary  about  eight 
or  nine  weeks  after  the  blossoms  fall  to  insure  against  late  scab  infec- 
tion. Sometimes  the  poison  is  also  necessary  at  this  time  to  prevent  the 
second  brood  of  codling  moth.  * 

It  is  doubtless  true  that  in  many  seasons  a  single  application  made  just 
after  the  blossoms  fall  would  give  very  good  results.    Even  during  the 

('09)  Scott.  W.  M.,  Lime-sulfur  Mixtures  for  Summer  Spraying  of  Orchards. 
U.  S.  D.  A.,  Bu.  PI.  Ind.  Circ.  27:  1.  c.  16.     1909. 
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Fig.  y6.—Time  for  first  application  for  scab. 


Fig.  Tj.—  Time  for  second  application  for  scab. 
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past  season  (1910),  which  was  very  wet,  this  was  true  (see  Tabic  2) 
in  Mr  Case's  orchard.  In  many  instances,  however,  the  omission  of 
the  spraying  just  before  the  blossoms  opened  permitted  the  scab  on  the 
pedicles  to  cause  a  serious  dropping  of  the  young  forming  fruit,  resulting 
in  a  poor  set  and  consequently  in  a  light  crop.  This  early  fungous  infec- 
tion of  the  young  fruit  and  pedicles  was,  we  believe,  the  main  cause  of 
the  generally  light  crop  of  apples  throughout  western  New  York   this 


Fig.  78. —  Time  for  third  application  for  scab. 

season.  This  early  infection  also  occurs  on  the  leaves  and  is  responsible 
for  many  mysterious  cases  of  lime-sulfur  injury.  We  therefore  conclude 
that  the  first  spraying  before  the  blossoms  open  is  chiefly  instrumental 
in  giving  a  better  set  when  the  early  season  favors  scab  infection,  and 
in  preventing  foliage  injury  from  later  applications  by  keeping  the  fungus 
off  of  the  leaves.  The  second  application,  after  the  blossoms  fall,  is 
usually  the  most  important  one  in  keeping  the  fruit  free  from  scab. 
Most  of  the  buds  affected  earlier  than  this  seem  to  fall  prematurely. 
The  third  application,  two  weeks  later,  seemed  in  our  experiments  to  be 
of  little  importance  during  the  seasons  of  1909  and  1910.  We  would  not 
dare  to  advise  its  omission  as  yet,  however,  since  other  seasons  may  give 
quite  different  results.  There  was  some  late  scab  infection  the  past  sea- 
son and  on  both  Greenings  and  Baldwins  the  fourth  application  was  of 
some  service.  (See  Tables  3  and  5.)  On  Greenings  there  was  17  per. 
cent,  of  scab  where  the  fourth  application  was  omitted  and  12.9  per  cent, 
where  it  was  given.  On  Baldwins,  there  was  22  per  cent,  where  No.  4 
was  omitted  and  13  per  cent,  and  14  per  cent,  where  it  was  given. 
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DIRECTIONS  FOR  SPRAYING  FOR  APPLE  SCAB    WITH   LIME-SULFUR   SOLUTION 

Application  No.  i.  Just  before  the  blossoms  open  (Fig.  76),'  Lime- 
sulfur  solution  33°  Beaume  diluted  1-40  {2^/2-100)  with  4  pounds 
arsenate  of  lead  to  100  gallons. 

Application  No.  2.  After  blossoms  fall  (Fig.  77)  or  when  about 
two-thirds  off.  Same  as  above.  Make  this  spraying  very  thorough  as  it 
is  usually  the  most  important  one  of  all. 

Application  No.  3.     Two  weeks  later  (Fig.  78).     Same  as  above. 

Application  No.  4.  About  nine  weeks  after  blossoms  fall,  as  insurance 
against  late  scab  infection  and  second  brood  of  codling  moth.  Use 
same  spray.     In  many  seasons  this  is  not  needed. 

In  all  cases,  get  the  spray  on  before  the  rain  if  possible.  Do  not  wait 
until  the  rain  is  over,  fearing  it  will  wash  the  spray  off.  If  it  has  twenty 
minutes  in  which  to  dry,  it  will  not  easily  wash  off  and  it  is  during 
wet  weather  that  the  fungicide  is  needed  to  prevent  fungous  infection. 

The  dilution  should  be  made  according  to  the  density  of  the  concen- 
trate as  indicated  by  the  Beaume  test.  It  is  especially  important  that 
home-boiled  solutions  be  tested  since  they  vary  greatly.  The  test  must 
be  made  in  the  clear  liquid,  as  the  presence  of  sediment  in  it  makes  the 
Beaume  test  unreliable. 

Table  8  gives  the  number  of  dilutions  for  the  various  concentrates. 

Table   8. —  Showing   the   Corresponding   Number   op   Dilutions   of   Limb- 
Sulfur  Solution  op  Various  Densities  Using  32®  6eaum£  as  a  Standard. 


®Beaum4 


2S 7-4  II. o  14.7  i8'4  22.1  29.5  36.8  44.2  55.0  73. 

26** 7.7  II. 6  15.4  193  23.2  30.9  38.6  46.3  58.0  77.2 

27** 8.1  12. 1  16. 1  20.2  24.3  32.4  40.5  48.5  60.6  80.7 

28** 8.4  12.7  16.9  21. 1  25.4  33'^  42.3  507  63.5  84.5 

29** 8.8  13.2  17.6  22.1  26.5  35.3  44.2  53.0  66.3  88.2 

30** 9-2  139  i8-4  23.0  27.6  36.9  46.1  55.3  69.0  92.0 

31** 9.6  14.4  19.3  24.0  28.8  38.4  48.0  58.0  72.0  96.0 

32® 10. o  15.0  20.0  25.0  30.0  40.0  50.0  60.0  75.0  100. o 

33® 10.4  15.6  20.8  26.0  31.2  41.5  52.0  62.4  78.0  104.0 

34® 10.8  16.2  21.6  26.8  32.4  43.2  54.0  64.7  80.8  108.0 

35® II. 2  16.8  22.4  28.0  33.4  44.9  56.0  67.4  84.2  112. o 

Note. —  The  figures  in  the  columns  indicate  the  number  of  times  the  concen- 
trate of  a  given  density  is  to  be  diluted  to  give  a  dilution  equivalent  to  that  at  top 
of  column. 

The  method  of  application  has  much  to  do  with  results.  If  the  spray 
be  applied  with  a  coarse  nozzle  and  the  operator  holds  it  too  long  in  one 
position,  certain  branches  will  be  overdrenched  and  burning  is  likely 
to  result.  The  coating  of  spray  should  consist  of  very  fine  drops 
evenly    distributed    over    the    entire    surface.       If    the    application    is 
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too  heavy,  these  drops  coalesce  to  form  large  drops  and  dripping 
results.  These  large  drops  also  collect  at  the  tips  and  around 
the  margins  of  the  leaves  and  as  they  dry  the  solution  becomes 
more  concentrated  and  burns.  The  proper  distribution  of  the  spray 
can  best  be  obtained  by  using  high  pressure  and  a  nozzle  with 
a  small  hole.  Some  operators  may  consider  it  necessary  to  use  a 
coarse  nozzle  to  control  the  codling  moth,  but  we  have  had  almost  per- 
fect results  in  this  regard  in  using  a  fine  spray  with  a  high  pressure.  The 
number  of  nozzles  that  should  be  used  on  one  rod  will  depend  on  the 
size  of  the  holes,  the  condition  of  the  orchard  as  to  crowding  of  the  trees, 
and  the  quickness  of  the  operator.  With  too  many  nozzles  in  a  crowded 
orchard  where  over-arching  branches  interfere  with  free  motion  of  the 
rod,  one  is  sure  to  over-spray  certain  branches.  Better  work  can  be 
done  by  spraying  from  both  sides  with  the  wind  than  by  trying  to 
spray  both  sides  with  the  same  wind.  One  should  not,  however,  wait 
too  long  for  favorable  winds  and  miss  getting  the  spray  on  at  the  right 
time,  which  is  the  most  important  factor  in  controlling  the  fungus. 

Do  not  interpret  what  has  been  said  to  mean  that  spraying  should  be 
less  thoroughly  done.  Most  growers  do  not  spray  thoroughly  enough. 
Care  should  be  taken  to  coat  all  parts  but  not  to  over-drench  any  part 
of  the  tree.  Remember  that  the  spray  protects  only  those  buds,  fruits, 
and  leaves  which  are  actually  coated. 

Finally,  we  would  urge  all  to  spray  every  year.  The  necessity  for 
this  is  clearly  shown  by  our  experiments  in  Mr.  Case's  orchard.  Here, 
in  an  orchard  that  had  received  the  best  of  care  and  effective  spraying 
for  years,  the  omission  of  the  spray  for  a  single  season  gave  98.7  per 
cent,  of  scab.  This  is  also  evidence  that  we  cannot  by  sanitary  and 
cultural  methods  alone  control  apple  scab.  We  must  spray  every  year 
to  insure  clean  fruit  even  in  orchards  receiving  the  most  perfect  care. 

CONTROL  OF  PEACH  ROT  AND  SCAB 

The  only  method  of  controlling  these  diseases  demonstrated  to  be  safe, 
effective  and  practicable,  is  the  self-boiled  lime-sulfur  treatment  devised 
by  W.  M.  Scott  ('09)  of  W^ashington,  D.  C.  Peach  foliage  is  so  ex- 
tremely tender  that  lime-sulfur  solution  if  used  at  all  must  be  used  very 
weak.  A  dilution  of  i-ioo  when  heavily  applied  caused  quite  serious 
burning  in  our  experiments  of  1909.  Further  tests  that  year  gave  some 
promise  that  even  weaker  solutions  might  be  somewhat  effective  in  pre- 
venting brown  rot  infection.  Storage  experiments  also  proved  that 
peaches  that  had  been  sprayed  with  lime-sulfur  1-200  kept  much  better 
after  being  picked. 

('09)  Scott,  W.  M.  Lime-sulphur  Mixtures  for  the  Summer  Spraying  of  Orchards. 
U.  S.  D.  A.,  Bu.  PI.  Ind.  Circ.  27:1-17.     1909.  ^  , 
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In  1910,  weak  lime-sulfur  solution  1-150  with  arsenate  of  lead  added 
was  tried.  No  injury  appeared  until  almost  a  month  after  the  appli- 
cation. Then  considerable  burning  occurred,  evidently  due  to  some 
change  that  had  gradually  taken  place  in  the  arsenical  present.*  From 
this,  it  would  seem  unsafe  to  use  weak  lime-sulfur  solution  and  lead 
arsenate  combined  on  peach  foliage. 

Further  experiments  along  several  lines  have  been  conducted  but  since 
they  have  as  yet  led  to  no  positive  conclusions  from  the  practical  stand- 
point, we  would  at  present  simply  refer  the  reader  to  the  work  of 
Scott  cited  above  and  point  out  the  necessity  for  further  experiments 
to  determine  the  practicability  and  best  methods  for  sprayiiig  peaches 
for  rot  and  scab  in  New  York  State. 

It  might  be  further  noted  that  in  some  cases  brown  rot  and  scab 
have  been  effectively  controlled  by  lead  arsenate  alone.  E.  P.  Taylor 
('09),  Entomologist  of  the  Missouri  Fruit  Experiment  Station,  reports 
several  such  cases.  He  attributes  the  results  to  the  control  of  the 
curculio,  which  is  responsible  for  much  rot  infection  by  its  punctures. 
It  could  not,  however,  account  for  the  control  of  the  scab  and  it  is 
therefore  evident  that  much  of  the  benefit  was  due  to  the  fungicidal 
value  of  the  lead  arsenate. 

In  this  state,  the  brown  rot  is  not  so  serious  as  in  states  further  south 
although  in  some  seasons  it  causes  considerable  loss.  The  scab,  or  black 
spot,  however,  is  quite  destructive  on  certain  varieties,  causing  a  con- 
siderable depreciation  in  the  quality  of  the  fruit,  especially  in  wet 
seasons.  Proper  spraying  would  very  effectively  control  this  malady  and 
would  doubtless  in  many  cases  pay  well  for  the  work.  Aside  from  con- 
trolling the  fungi  and  curculio  it  is  found  that  spraying  gives  a  more 
highly  colored  fruit  and  that  it  prevents  rot  after  picking,  thus  increas- 
ing its  keeping  qualities.  In  our  experiments  of  1909,  Alexander  peaches 
that  had  been  sprayed  three  times  with  lime-sulfur  solution  1-200,  nine 
days  after  picking  showed  12  per  cent,  of  rot,  while  in  the  unsprayed  there 
was  57  per  cent.  In  1910,  Atlantas  sprayed  with  lime-sulfur  solution  1-30 
precipitated  with  carbonic  acid  gas,  after  being  kept  four  days  gave  only 
17  per  cent,  of  rot  with  58  per  cent,  on  the  unsprayed.  Scott  and  Ayres 
('10)  also  note  that  peaches  sprayed  with  self-boiled  lime-sulfur  reached 
the  markets  in  better  condition.  These  results  indicate  that  properly 
sprayed  fruit  could  be  handled  with  much  less  loss  than  unsprayed,  giv- 
ing the  grower  more  time  to  get  it  to  market,  the  buyer  more  time  to 

♦For  details  on  this  point,  see  N.  Y.  (Cornell)  Bui.  288.     igio. 

('09)  Taylor,  E.  P.  Spraying  Peaches  for  Brown  Rot.  The  Fruit  Grower.  Oct. 
i9o<). 

('10)  Scott,  W.  M.  and  Ayres,  W.  T.  The  Control  of  Peach  Brown-Rot  and 
Scab.     U.  S.  D.  A.,  Bu.  PI.  Ind.  174:20.     19 10. 
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distribute  and  the  consumer  more  time  to  consume  it.  This  alone  is  an 
important  point  in  the  case  of  a  perishable  fruit  like  the  peach.  This, 
together  with  the  improved  quality  and  insurance  against  rot  epidemics 
which  occur  in  certain  seasons,  makes  it  highly  desirable  that  summer 
spraying  of  peaches  be  more  generally  adopted  in  this  state.  One  of  the 
most  pressing  problems  before  us  for  another  year  is  to  work  out  the 
methods  particularly  adapted  to  our  conditions.  In  the  meantime,  we 
are  confident  that  two  or  three  applications  of  the  self-boiled  solution 
combined  with  lead  arsenate  would  give  good  results  on  varieties  that 
are  inclined  to  scab  or  rot. 

For  convenience,  the  directions  given  by  Scott  and  Quaintance  C^^) 
for  preparing  and  applying  this  mixture  are  quoted: 

'*  Self-boiled  lime-sulphur  mixture. —  This  mixture  is  composed  of  8 
pounds  of  fresh  stone  lime  and  8  pounds  of  sulphur  (either  flowers  or 
flour  may  be  used)  to  50  gallons  of  water.  This  appears  to  be  about 
the  correct  strength,  although  in  mild  cases  of  scab  and  brown-rot  a 
weaker  mixture,  containing  6  pounds  of  each  ingredient  to  50  gallons 
of  water,  may  be  used  with  satisfactory  results.  The  mixtures  can  best 
be  prepared  in  rather  large  quantities -^  say,  enough  for  200  gallons  at 
a  time,  making  the  formula  32  pounds  of  lime  and  32  pounds  of  sulphur 
to  be  cooked  with  a  small  quantity  of  water  (8  or  10  gallons)  and  then 
diluted  to  200  gallons. 

"  The  lime  should  be  placed  in  a  barrel  and  enough  water  poured  on 
to  almost  cover  it.  As  soon  as  the  lime  begins  to  slake  the  sulphur  should 
be  added  after  first  running  it  through  a  sieve  to  break  up  the  lumps. 
The  mixture  should  be  constantly  stirred  and  more  water  added  as 
needed  to  form  a  thick  paste  at  first  and  then  gradually  a  thin  paste. 
The  lime  will  supply  enough  heat  to  boil  the  mixture  several  minutes. 
As  soon  as  it  is  well  slaked  water  should  be  added  to  cool  the  mixture 
and  prevent  further  cooking.  It  is  then  ready  to  be  strained  into  the 
spray  tank,  diluted,  and  applied. 

"  The  stage  at  which  cold  water  should  be  poured  on  to  stop  the  cook- 
ing varies  with  different  limes.  Some  limes  are  so  sluggish  in  slaking 
that  it  is  difficult  to  obtain  enough  heat  from  them  to  cook  the  mixture 
at  all,  while  other  limes  become  intensely  hot  on  slaking  and  care  must 
be  taken  not  to  allow  the  boiling  to  proceed  too  far.  If  the  mixture 
IS  allowed  to  remain  hot  fifteen  or  twenty  minutes  after  the  slaking 
is  completed,  the  sulphur  gradually  goes  into  solution,  combining  with 
the  lime  to  form  sulphids,  which  are  injurious  to  peach  foliage.     It  is 

('10)  Scott,  W.  M.  and  Quaintance,  A.  L.  Control  of  the  Brown-Rot  and  Plum 
Curculio  on  Peaches.     U.  S.  D.  A.,  Bu.  Ent.  Cir.  120:5-7.     1910. 
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therefore  very  important,  especially  with  hot  lime,  to  cool  the  mixture 
quickly  by  adding  a  few  buckets  of  water  as  soon  as  the  lumps  of  lime 
have  slaked  down.  The  intense  heat,  violent  boiling,  and  constant  stirring 
result  in  a  uniform  mixture  of  finely  divided  sulphur  and  lime,  with  only 
a  very  small  percentage  of  the  sulphur  in  solution.  It  should  be  strained 
to  take  out  the  coarse  particles  of  lime,  but  the  sulphur  should  be  care- 
fully worked  through  the  strainer. 

"Arsenate  of  lead. —  Arsenate  of  lead  comes  on  the  market  in  a 
thick,  putty-like  paste,  and  must  be  worked  free  in  water  before  addi- 
tion to  the  lime-sulphur  mixture.  There  are  several  brands  upon  the 
market  and  the  grower  should  be  careful  to  purchase  from  reliable 
firms.  The  addition  of  arsenate  of  lead  to  the  self-boiled  lime-sulphur 
mixture  will  bring  about  a  decided  change  in  color,  but  without  in- 
juriously affecting  the  value  of  the  spray.  Arsenate  of  lead  is  used 
at  the  rate  of  2  pounds  to  each  50  gallons  of  water  or  lime-sulphur  mix- 
ture. 

"  The  amount  of  poison  required  for  each  spray  tank  of  mixture  may 
be  weighed  out  into  a  bucket,  thinned  with  water  and  poured  through 
a  strainer  into  the  spray  tank.  In  extensive  operations,  however,  it  is 
much  more  convenient  to  prepare  a  stock  mixture  in  advance.  Place 
100  pounds  of  the  material  in  a  barrel  with  a  bucket  of  water  and  work 
it  into  a  thin  paste  with  a  spade  or  a  large  paddle,  then  dilute  with  water 
to  make  exactly  25  gallons.  When  thoroughly  stirred,  each  gallon  will 
contain  4  pounds  of  arsenate  of  lead,  and  the  amount  of  poison  for  each 
spray  tank  of  mixture  may  be  measured,  thus  avoiding  the  trouble  of 
weighing  small  lots. 

SCHEDULE  OF  APPLICATIONS. 

"For  the  Elberta,  Belle,  Reeves  and  other  varieties  of  peaches  of 
about  the  same  ripening  season,  the  following  is  advised: 

*'  First  application. —  About  the  time  the  calyces,  or  shucks,  are  shed- 
ding from  the  young  fruit,  spray  with  arsenate  of  lead  at  the  rate  of  2 
pounds  to  50  gallons  of  self-boiled  lime-sulphur  mixture.  Since  this 
application  is  rather  early  for  scab,  and  since  serious  outbreaks  of  brown- 
rot  do  not  usually  occur  at  this  time,  the  self-boiled  mixture  may  be 
omitted  in  many  cases  with  reasonable  safety.  But  during  warm,  rainy 
springs,  especially  in  the  South,  the  lime-sulphur  mixture  will  doubtless 
be  necessary  in  this  application.  In  case  the  self-boiled  lime-sulphur 
mixture  is  not  used  there  should  be  added  to  each  50  gallons  of  water 
the  milk  of  lime  made  from  slaking  2  or  3  pounds  of  good  stone  lime, 
in  order  to  counteract  any  caustic  action  of  the  arsenate  of  lead. 
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**  Second  application. —  Two  or  three  weeks  later,  or  about  one  month 
after  the  falling  of  the  petals,  spray  with  the  8-&-50  self-boiled  lime- 
sulphur  mixture  and  2  pounds  of  arsenate  of  lead. 

"  Third  application. —  About  one  month  before  the  fruit  ripens,  spray 
with  the  8-8-50  self -boiled  lime-sulphur  mixture,  omitting  the  poison. 

"  For  earlier  maturing  varieties  of  peaches,  such  as  Waddell,  Carman, 
and  Hiley,  the  first  two  treatments  outlined  above  will  usually  be  suffi- 
cient but  in  very  wet  seasons  badly  rotting  varieties  would  probably  re- 
quire three  treatments.  Late  varieties,  such  as  Smock  and  Salway,  hav- 
ing a  longer  season,  would  not  be  thoroughly  protected  by  three  applica- 
tions, but  on  account  of  the  expense  there  is  hesitation  in  recommending 
a  fourth  spraying.  In  view  of  the  results  obtained  on  midseason  varieties, 
it  seems  likely  that  three  treatments  will  ordinarily  be  sufficient  for  the 
late  varieties." 

CONTROL   OF   PEAR    SCAB 

Our  experiments  and  observations  on  pear  scab  the  past  season  strongly 
emphasize  the  importance  of  not  allowing  the  scab  fungus  to  get  a 
foot-hold  in  the  orchard,  especially  in  case  of  the  susceptible  varieties, 
such  as  Duchess  and  Flemish  Beauty.  Pear  scab,  once  well  established 
on  susceptible  trees,  is  very  hard  to  control  when  conditions  are  favor- 
able for  its  development,  as  they  were  during  the  past  season,  1910. 
This  applies  much  more  to  pear  than  to  apple  scab.  Apple  scab  can 
be  controlled  on  the  fruit  almost  entirely  by  the  first  season's  treatment, 
although  the  orchard  may  never  have  been  sprayed  before.  Why  this 
difference?  The  apple  scab  fungus  is  carried  over  chiefly  if  not  en- 
tirely by  the  winter  stage  which  develops  on  the  fallen  leaves,  producing 
a  crop  of  spores  which  are  shot  into  the  air  in  early  spring  to  infect  the 
new  leaves  and  fruit  buds.  It  does  not  to  any  extent,  at  least,  if  ever, 
develop  and  hibernate  on  the  twigs. 

On  the  pear,  on  the  other  hand,  the  fungus  grows  abundantly  on  the 
twigs  and  once  thus  established,  working  under  cover,  it  cannot  be 
killed  by  the  spray.  These  infected  spots  on  the  twigs  will  therefore 
continue  to  grow  throughout  the  season  constantly  producing  a  crop  of 
spores  as  a  convenient  source  of  infection  for  leaves  and  fruit. 

Our  experiments  during  the  past  season  on  pears  were  conducted  in 
a  block  of  Duchess  that  had  not  been  thoroughly  sprayed  for  several 
years  and  consequently  the  twigs  were  very  abundantly  infected  with 
scab  fungus.  Many  combinations  as  to  time  and  number  of  applications 
were  made  with  both  bordeaux  and  lime-sulfur  with  lead  arsenate  added, 
as  well  as  with  several  other  preparations.  Suffice  it  to  say  here  that 
even  where  four  or  five  applications  were  given,  which  prevented  infec- 
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tion  throughout  the  early  summer  effectively,  almost  every  pear  was 
scabby  at  picking  time.  Other  orchards  of  the  same  variety  near  by, 
which  had  formerly  been  kept  well  sprayed  and  whose  twigs  were  not 
abundantly  scabbed,  gave  quite  clean  fruit  from  three  applications.  It 
seems  clear,  then,  that  the  cqnstant  source  of  infection  furnished  by  this 
abundant  twig  scab,  due  to  previous  neglect  in  this  case,  made  almost 
constant  spraying  throughout  the  summer  necessary. 

Another  important  point  demonstrated  by  this  work  is  the  action  of 
early  fungous  infection  on  pedicles  of  fruit  in  preventing  a  good  set. 
Although  the  set  in  the  orchard  mentioned  was  very  poor  there  were  six 
bushels  of  fruit  gathered  from  the  forty-eight  trees  which  were  properly 
sprayed  before  the  blossoms  opened  and  after  they  fell,  while  from  1720 
trees  sprayed  (not  thoroughly)  •  only  after  the  blossoms  fell  only  13 
bushels  were  gathered, — 16  times  as  many  per  tree  on  the  properly 
sprayed  plat 

In  regard  to  the  time  and  number  of  applications  necessary  to  control 
pear  scab,  it  might  be  noted  that  it  is  stated  by  R.  E.  Smith  ('05)  of 
California  that  two  applications  before  the  blossoms  open  seem  neces- 
sary in  many  cases  in  that  state,  making  the  first  as  the  leaf  buds  are 
bursting,  the  second  before  the  blossoms  open.  The  first  application  does 
not  seem  to  us  to  be  important  in  this  State,  as  shown  in  our  experi- 
ments. The  early  infection  was  practically  as  well  controlled  where 
this  application  was  omitted  and  but  very  slightly  reduced  where  this, 
only,  was  given. 

Table  9,  constructed  from  counts  made  of  fruit  on  the  tree  on  June 
2nd  and  4th,  gives  an  idea  of  the  relative  importance  of  the  various 
applications  in  preventing  early  scab  infection.  It  shows  that  the  appli- 
cation before  the  blossoms  open  and  all  later  applications  were  important, 
and  the  fact  that  practically  all  the  pears  later  became  scabby  before 
picking"  time  shows  that  still  later  spraying  was  necessary  in  this  case. 
In  reasonably  clean  orchards,  however,  applications  Nos.  i,  2,  and  3 
were  quite  effective. 

Lime-sulfur  (commercial)  was  diluted  1-40  and  with  it  2  pounds  of 
lead  arsenate  per  50  gallons  was  used.  This  caused  rather  objectionable 
foliage  injury  on  Duchess  but  very  little  on  Bartlett,  Anjou,  Clairgeau, 
and  other  varieties.  Bordeaux  3-3-50  with  the  same  amount  of  lead 
arsenate  caused  in  this  case  rather  more  foliage  injury  than  the  lime- 
sulfur  and  considerably  more  russeting  of  fruit.  The  control  of  scab 
was  about  equal  in  each  case. 


(•05)  Smith.  R.  E.    Pear  Scab.     Cal.  Agr.  Exp.  Sta.  Bui.    163:1-18.     1905. 
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Table  o. —  Results  of  Different  Times  of  Application  with  Bordbaitx 
AND  Lime-sulfur  on  Pear  Scab.  Counts  Made  June  2  and  4.  Pears 
i  TO  i  IN.  IN  Diameter. 


Applications* 


Bordeaux, 
%scab 


Lime- 
sulfur, 
%scab 


Check. 
%scab 


o 

I 

2 

0,1 

o,  I.  2  .  . 

0,  I,  2,  3 

1,  2 


21.4 

94-5 
18.9 

"•5 

4.9 

21.2 


85.1 
II. 7 

93-3 
8.0 

12.0 
4.5 
8.5 


*  Application  o  =  As  leaf  buds  were  bursting. 

1  «=  A  few  days  before  blossoms  opened;  buds  exposed. 

2  =  Blossoms  about  two-thirds  fallen. 

3  =a  Two  weeks  later. 
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January  23rd,  191 1 

Director  L.  H.  Bailey, 

College  of  Agriculture 

Ithaca,  N.  Y. 
Dear  Sir: — 

In  accordance  with  the  terms  of  the  Industrial  Fellowship  agree- 
ment with  the  Niagara  Sprayer  Company  of  Middleport,  N.  Y.,  I  beg 
to  submit  herewith  the  fifth  report  of  the  work,  with  the  recommen- 
dation that  it  be  published  as  Bulletin  290. 

The  work  has  been  performed  by  Errett  Wallace,  Fellow,  assisted 
by  F.  M.  Blodgett  and  Lex.  R.  Hesler.  Some  of  the  work  has  been 
done  in  the  laboratory  at  the  College,  and  some  of  it  in  a  field-labora- 
tory at  Sodus,  N.  Y.  Field  experiments  were  performed  in  the  various 
orchards  about  Sodus,  and  acknowledgment  is  due  the  fruit-growers  of 
Sodus  for  their  hearty  cooperation.  Grateful  acknowledgment  is  due 
Professor  Cavanaugh,  of  the  Department  of  Agricultural  Chemistry,  for 
suggestions  and  consultation  on  certain  chemical  phases  involved. 

Respectfully  submitted, 
H.  H.  Whetzel, 

Professor  of  Plant  Pathology 
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STXJDIES  OF  THE  FUNGICIDAL  VALUE  OF  LIME-SULFUR 
PREPARATIONS 

PRELIMINARY    DISCUSSION 

Up  to  the  present  time  we  have  been  dependent  almost  entirely  on 
field  experiments  for  progress  in  the  study  of  the  fungicidal  properties 
of  various  preparations  used  to  control  fungous  diseases  of  plants. 
This  method,  at  best,  is  very  wasteful  of  time  when  used  alone,  but 
should  be  used  as  a  final  test.  An  entire  season  is  required  to  get  results 
from  a  single  set  of  experiments;  we  must,  therefore,  expect  that  progress 
in  the  discovery  of  new  fvmgicides  or  beneficial  modifications  of  old 
ones  will  be  slow  until  some  method  is  adopted  whereby  the  fungicidal 
properties  of  various  substances  can  be  studied  in  the  laboratory.  Our 
suggestion  is  not  that  such  tests  should  replace  field  experiments,  but 
should  supplement  them  by  selecting  from  many  possibilities  the  few 
probabilities.  The  latter  can  then  be  verified  by  field  experiments. 
So  far  as  we  know,  no  such  method  as  we  are  about  to  describe  has 
been  adopted  by  any  botanist  or  plant  pathologist.  The  chief  purpose 
of  this  bulletin  is  to  describe  some  experiments  in  laboratory  methods 
supplemented  by  field  tests.  We  believe  that  by  using  our  new  lab- 
oratory method  we  have  been  able  in  a  few  weeks  during  the  winter 
to  select  from  fifty  or  more  modifications  of  lime-sulfur  solution  five 
which  seemed  most  worthy  afield  trial.  It  might  also  be  stated  that  they 
were  not  the  five  that  we  should  have  selected  had  not  the  preliminary 
laboratory  tests  been  made.  This  indicates  that  otherwise  at  least 
one  year  more  would  have  been  passed  with  some  of  the  most  important 
points  not  tested  by  us. 

It  is  true  that  many  experiments  have  been  conducted  to  determine 
the  effect  of  certain  fungicidal  solutions  on  spore  germination.  In 
most  such  cases,  however,  the  spores  were  placed  directly  in  a  solution 
or  mixture  of  the  fungicide.*  The  results,  therefore,  must  be  considered 
as  of  scientific  interest  rather  than  as  serving  to  indicate  what  these 
same  substances  will  do  after  being  sprayed  and  dried  on  the  plant. 
The  latter  is  the  condition  in  which  fungicides,  with  very  few  possible 
exceptions,  must  prevent  infection.  According  to  chemists,  lime-sulfur 
solution,  before  being  applied  to  the  trees  consists  of  soluble  sulfids 
of  calcium,  chiefly  tetra  and  penta  sulfids  (CaS^  and  CaS^).     It  remains 

♦Burrill,  T.  J.  (III.  Agr.  Exp.  Sta.  Bui.  118:553-608.  1907)  made  most  of  his 
tests  with  the  bitter  rot  fungus  in  this  way.  His  experiment,  No.  11  (1.  c-  569), 
consisting  of  germination  tests  on  two  sprayed  cover  glasses,  is  somewhat  similar 
to  the  method  we  have  employed. 
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in  this  soluble  form  for  a  short  time  only.  The  solution,  in  contact 
with  the  oxygen  and  the  carbon  dioxid  of  the  air,  soon  forms  a  coating 
of  soHd  material  over  the  sprayed  parts  of  the  plant.  The  calcium 
tetra  and  penta  sulfids  (CaS^  and  CaSg)  soon  become  oxidized  to  thio- 
sulfate  (CaSjOs),  and  later  to  sulfite  (CaSOg),  sulfate  (CaSOJ,  some  free 
sulfur,  and  perhaps  other  compounds.  Thus,  we  must  depend  finally 
on  comparatively  insoluble  compounds  which  are  hundreds  of  times 
less  effective  in  preventing  spore  germination  than  the  solution  that 
was  applied  to  the  tree.  It  is  therefore  evident  that  a  dilution  that 
would  give  results  in  the  laboratory  with  spores  directly  in  the  solu- 
tion, might  require  a  concentration  several  hundred  times  stronger  to 
control  the  same  fungus  on  the  trees.  This  is  shown,  by  the  experi- 
ments recorded  in  Table  i,  to  be  true  in  the  particular  case  of  lime- 
sulfur  solution  in  preventing  germination  of  conidia  of  Sclerotinia 
fructigena. 

TABLE   I. — Spore  Germination  Tests  in  Greatly  Diluted  Lime- 
Sulfur  Solutions 


Compare  with  results  shown  in  Table  12 

Conidia  of  Sclerotinia  fruc- 
tigena. Per  cent  germinated 

Treatment 

Treated 

Check 

Lime-sulfur  sol.   1-20,  000 

trace 
0 
0 

65 
80 

"         «         «     i-io,  000 

"         "         "1-5,  000 

In  these  instances  a  solution  testing  32°  Beaum^»  diluted  one  part  to 
20,000  parts  of  water,  prevented  more  than  99%  of  germination  when 
the  conidia  were  placed  directly  in  the  solution.  When  tested  according 
to  the  method  we  are  about  to  describe,  a  dilution  of  i- 100  was  somewhat 
less  effective  than  the  1-20,000  tested  by  the  method  that  has  been 
commonly  employed  in  this  kind  of  work.  Should  the  question  arise 
as  to  which  method  more  nearly  predicts  the  results  that  will  occur 
in  actual  practice,  we  would  simply  say  that  according  to  our  method 
of  determining  this  question,  a  dilution  of  i-ioo  would  probably  be 
effective  in  reducing  considerably  the  percentage  of  infection  by  this 
fungus,  but  would  probably  not  insure  perfect  control.  According 
to  the  other  method,  a  dilution  of  1-20,000,  200  times  weaker,  would 
almost  entirely  control  it.  Of  course,  it  is  needless  to  point  out  which 
is  more  nearly  correct. 
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The  first  step,  involving  the  fundamental  principle  in  the  methods 
-we  are  about  to  describe,  was  taken  by  Dr.  Reddick,  of  the  Department 
of  Plant  Pathology,  during  the  winter  of  1908  in  connection  with  some 
class  work.  This  work  was  described  and  a  few  brief  general  notes 
on  the  subject  were  given  in  a  paper  by  Dr.  Reddick  and  the  senior 
author  (*io)  before  the  American  Phytopathological  Society  at  the 
Boston  meeting,  December,  1909.  Certain  modifications  of  this  plan 
as  applied  to  a  specific  problem  form  the  basis  for  this  bulletin. 

Turning  to  the  fundamental  principle  in  plant  disease  control,  pre- 
liminary to  a  discussion  of  specific  methods  of  testing  the  fungicidal 
values  of  substances,  we  have  already  pointed  out  that  it  is  not  neces- 
sarily the  compound  applied  to  the  tree  that  acts  as  a  fungicide.  Con- 
tact with  oxygen  and  carbonic  acid  gas  of  the  air  in  most  cases  doubtless 
changes  the  chemical  composition  and  properties  of  the  fungicide 
before  weather  conditions  favorable  for  fungous  infection  arrive.  As 
a  matter  of  fact,  it  is  desirable  that  this  change  should  take  place,  at 
least  in  a  spray  that  is  applied  in  the  soluble  form,  such  as  lime-sulfur 
solution.  The  more  stable,  very  slightly  soluble  form  is  desirable 
in  order  to  distribute  the  effectiveness  of  a  given  application  over  a 
much  longer  period  of  time.  To  illustrate:  If  lime-sulfur  remained 
in  solution  as  applied,  it  would  probably  be  extremely  effective  since 
the  solution  is  applied  several  hundred  times  stronger  than  is  necessary 
to  prevent  spore  germination.  It  would  be  effective,  however,  for 
but  a  very  short  time,  as  the  first  few  moments  of  rain  would  largely 
remove  it.  What  we  want  in  a  fungicide,  then,  is  a  substance  that 
when  sprayed  on  a  plant  is  locked  up  in  stable  form  from  which  it  is 
released  very  slowly  when  needed,  either  by  the  solvent  action  of  mete- 
oric waters  or  by  secretions  of  solvent  substances  by  the  spores  (evi- 
dently by  both,  at  least  in  some  cases).     (See  p.  186). 

This  suggests  certain  properties  essential  for  a  good  fungicide,  if 
our  hypothesis  is  correct.  First,  the  substance  or  substances  tTiat  go 
into  solution  from  the  dried  coating  of  spray  material  must  have  fungi- 
cidal value.  If  this  condition  is  not  met  it  matters  little  whether  the 
material  applied  to  the  plant  has  or  has  not  fungicidal  value.  Second, 
the  substances  must  go  into  solution  in  the  presence  of  meteoric  water 
and  germinating  spores  of  the  fungus  to  be  controlled,  in  sufficient 
quantities  to  prevent  germination  of  these  spores.  Third,  it  must  not 
go  into  solution  in  such  quantities  or  so  rapidly  that  the  material  will 
all  dissolve  and  be  carried  off  with  the  first  short  rain,  nor  in  such 
quantities  as  to  cause  injury  to  the  host  if   the    resulting   solution   is 

C'xo)  Reddick  D.  and  Wallace,  £.  Science,  n.  ser.  31:798.   1910. 
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caustic.  Fourth,  the  material  must  adhere  to  the  plant  so  that  the 
rains  will  not  carry  off  the  solid  particles  before  they  go  into 
solution.  From  this  we  see  it  is  not  the  properties  of  the  solution  as 
applied  to  the  tree  that  are  important  in  the  control  of  fxmgous  diseases, 
but  those  of  the  final  product  after  its  composition  has  been  changed 
*by  exposure  to  atmospheric  conditions. 

We  learn  very  little  or  nothing  so  far  as  practical  results  are  con- 
cerned by  testing  the  fungicidal  properties  of  the  solution  before  it  is 
applied  to  the  tree.  A  chemical  analysis  of  this  solution  is  of  interest 
to  enable  us  to  predict  what  is  probably  formed  after  exposure  to 
atmospheric  conditions.  But  an  actual  chemical  analysis  of  the  dried 
fungicide  would  be  of  greater  interest  and  value. 


Fig.   79. — Showing  method  of  spraying  slides  for  fungicidal  tests 

With  these  points  clearly  in  mind,  a  laboratory  method  of  testing 
the  fungicidal  value  of  a  spray  and  the  effect  of  various  modifications 
of  it,  has  been  developed.  We  do  not  test  the  substance  that  is 
applied  to  the  plant  as  found  in  the  spray  tank,  since  it  is  not  in  this 
tank  that  the  substance  prevents  fungous  infections.  Rather,  we  at- 
tempt to  test  the  value  of  the  resulting  product  after  it  has  been  sub- 
jected to  atmospheric  conditions  as  a  result  of  which  its  chemical  com- 
position and  properties  are  in  most  cases  entirely  changed. 

The  method,  in  brief,  is  very  simple.  We  spray  slides  with  the 
material  in  question  (Fig.  79),  subject  them  to  atmospheric  conditions 
until  the  coating  of  spray  has  dried  thoroughly,  place  drops  of  water 
containing  viable  spores  of  the  fungus  on  the  sprayed  and  on  unsprayed 
slides  for  checks,  or  preferably  carry  the  check  on  the  unsprayed  half 


Digitized  by  VjOOQIC 


Fungicidal  Value  of  Lime-Sulfur  Preparations  171 

of  the  same  slides,  and  place  in  a  moist  chamber  long  enough  for  ger- 
mination to  take  place.  By  microscopic  examination,  the  comparative 
fungicidal  values  of  various  substances  can  be  readily  estimated.  This 
alone  is  not  a  test  for  all  the  essential  properties  mentioned  above. 
It  is,  so  far  as  we  know,  quite  an  accurate  means  of  comparing  fungi- 
cidal values  of  the  final  product  in  approximately  the  form  in  which 
it  is  found  when  called  upon  to  prevent  infection  on  the  host.  It  does 
not,  however,  insure  that  the  fungicidal  substances  contained  therein  do 
not  go  into  solution  too  rapidly  and  be  entirely  carried  off  with  the  first 
rain.  Neither  does  it  measure  the  adhesive  qualities  of  the  solid 
particles  themselves. 

To  make  the  test  of  value  on  these  points,  it  is  desirable  to  subject  the 
sprayed  slides  after  drying  to  some  washing  process.  Probably  no  better 
means  could  be  devised  than  simply  to  expose  them  to  rain,  which  is  the 
agent  active  on  the  tree.  It  is  probable,  however,  that  the  material  would 
be  more  easily  washed  from  smooth  slides  than  from  the  more  or  less  rough 
surfaces  of  plants.  Just  how  successfully  the  properties  of  adhesiveness 
and  solubility  can  be  tested  by  this  method  yet  remains  to  be  determined. 

In  carrying  out  this  work,  many  difficulties  arise  and  sometimes  as 
yet  unexplainable  variations  in  results  are  noted.  Conclusions  should 
be  drawn  only  from  a  large  number  of  carefully  checked  experiments. 
The  slightest  variations  in  conditions  should  be  carefully  noted.  Variations 
in  results  sometimes  occur  on  slides  apparently  treated  alike.  In  our 
work,  however,  the  results  are  quite  uniform  in  a  single  experiment 
involving  slides  sprayed  at  one  time  and  when  spores  from  the  same 
source  are  used  for  cultures.  This  suggests  that  some  minor  variations 
in  conditions  are  probably  responsible  for  the  variations  in  results. 
We  have  reason  to  believe  that  the  viability  of  the  spores  used  greatly 
influences  the  results.  This  seems  to  vary  with  the  age  of  the  culture 
from  which  they  are  taken,  and  probably  with  the  medium  on  which 
they  are  grown.  It.  was  noticed  that,  in  the  case  of  spores  which  gave 
a  high  percentage  of  germination  in  the  checks,  a  stronger  solution 
of  the  fungicide  was  necessary  to  entirely  prevent  germination  than 
when  their  viability  was  low.  It  is  quite  probable  that  this  is  also 
a  factor  influencing  infection  of  host  plants  by  fungi.  This  is  another 
reason  why  positive  conclusions  should  not  be  drawn  from  a  single 
season's  spraying  experiments.  If  the  crop  of  spores  distributed  at  a 
given  time  is  very  viable,  a  greater  concentration  of  the  fungicide  will 
probably  be  necessary  to  insure  control  than  if  their  viability  is  low. 

Although  the  method  outlined  above  seems  comparatively  simple 
in  routine,  much  care  must  be  exercised  in  all  phases  of  the   process 
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in  order  that  reasonably  correct  conclusions  may  be  reached.  It  is 
almost  needless  to  say  that  care  must  be  taken  in  spraying  the  slides. 
They  may  be  spread  out  on  a  tray  and  one  end  covered  with  a  ruler 
so  that  none  of  the  spray  material  is  permitted  to  fall  upon  the  check 
end.  The  atomizer  is  not  held  at  right  angles  but  parallel  to  the  surface 
of  the  slides,  as  shown  in  Figure   79.     Whenever  the  spray  contains 


"*4 


Fig.  80. — Placing  the  drop  of  water  contaimng  spores  of  the  fungus  on  the  sprayed 
end  of  the  slide.  Another  drop  will  be  placed  on  the  unsprayed  end,  some  water 
poured  tn  ihe  petri  dish,  and  the  cover  placed  on  the  latter,  thus  leaving  the  spore 
cultures  in  a  moist  chamber.  Pure  cultures  of  the  fungi  from  which  the  spores  are 
obtained,  are  growing  in  the  test  tubes  at  the  left. 


any  sediment  or  precipitated  material  it  should  be  kept  constantly 
agitated.  The  bulb  of  the  atomizer  must  be  squeezed  rapidly  in  order 
to  obtain  a  fine  mist  and  to  distribute  the  drops  equally  over  the  surface 
of  the  slide.  If  large  drops  are  deposited  in  place  of  small  ones  the 
results  on  germination  are  misleading,  for  at  that  particular  point  di- 
rectly on  the  drop  the  percentage  of  spore  germination  is  greatly  reduced, 
while  on  the  uncovered  spaces  much  more  germination  will  be  permitted 
than  on  any  part  of  a  slide  evenly  sprayed.     In  general,  it  may  be 
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said  that  the  slides  should  be  so  sprayed  that  the  coat  of  material  is 
similar  to  that  on  the  plant  as  it  is  sprayed  in  the  field. 

The  slides  should  be  allowed  to  dry  in  order  to  permit  any  chemical 
changes  to  occur  that  are  likely  to  be  induced  by  exposure  to  atmos- 
pheric conditions.  The  importance  of  this  is  discussed  on  page  167. 
In  brief,  it  may  be  said,  that  the  same  chemical  changes  which  take 
place  on  the  leaf,  previous  to  infection,  must  be  allowed  to  occur  on 
the  slide  in  the  laboratory  before  the  spores  are  placed  to  germinate. 
This  more  nearly  dupUcates  natural  conditions,  and  the  results  on 
germination  should  practically  indicate  the  relative  fungicidal  value 
of  the  spray  materials  in  question.  Each  slide,  when  thoroughly  dry, 
is  placed  in  a  petri  dish  containing  enough  water  to  keep  the  air  well 
saturated.  For  convenience  each  may  be  supported  by  short  pieces 
of  glass  tubing  (Fig.'  80).  A  mixture  of  spores  and  water  is  made  in 
a  watch  glass,  the  same  containing  enough  spores  so  that  thirty  or  forty 
might  be  counted  in  a  single  field  of  a  16  mm.  objective.  In  our  ex- 
I>eriments,  conidia  of  the  apple  scab  fungus  (V.  inaequalis),  New 
York  apple  tree  canker  fungus  (Sphaeropsis  fnalorum)  and  Sclerotinia 
fructigena  conidia,  (brown  rot  of  peach),  were  used  almost  ex- 
clusively. In  the  first  case,  spores  were  taken  from  matured  spots 
on  the  fruit  or  leaf,  and  in  the  second  case  they  were  taken  from  well- 
developed  cankers.  In  general,  the  older  and  more  nearly  mature 
conidia  of  Venturia  were  more  viable  than  those  of  comparatively 
recent  formation.  In  our  experiments,  the  most  viable  conidia  of  Scle- 
rotinia were  obtained  from  potato  agar  cultures  of  the  fungus  that  were 
eight  to  twelve  days  old.  These  were  thoroughly  stirred  in  water, 
making  up  a  quantity  sufficient  to  treat  all  the  slides  to  be  compared 
at  one  time,  and  the  drops  were  placed  on  the  slides  with  a  dropper 
(Fig.  80).  This  method  should  insure  equal  distribution  of  spores  both 
as  to  number  and  viability  to  all  slides.  This  is  important  for  two 
reasons:  first,  the  viability  of  spores  even  from  different  parts  of  the 
same  culture  may  vary;  second,  their  distribution  as  to  number  is  im- 
portant, for  when  the  spores  in  the  culture  are  very  numerous  their 
viability  is  fo\md  to  be  much  reduced.  This  is  evidently  due  to  the 
toxic  effect  of  their  own  secretions.* 

♦  Burrill,  T.  J.  (111.  Agr.  Exp.  Sta.  Bui.  118:  1.  c.  568-569.  1907)  found  that  it  re- 
quired a  stronger  solution  of  copper  sulfate  to  prevent  germination  of  a  large  than 
of  a  small  number  of  conidia  of  Glomerella  rufomacufiins.  These  spores  seemed 
to  have  a  cumulative  effect  on  the  soluble  copper.  The  results  would  probably  be 
different,  however,  if  the  sprav  material  were  in  the  insoluble  form  since  the 
greater  number  of  spores  would  probably  exert  a  greater  solvent  action  on  the 
fimgicide.     See  p.  x86. 
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As  stated  above,  the  slides  were  placed  in  a  moist  chamber  and  set 
aside  for  germination.  Twelve  to  twenty-four  hours  is  usually  suffi- 
cient time  to  allow  for  germination  of  all  the  viable  spores,  but  this 
will  vary  with  the  species.  In  these  experiments,  it  was  foimd  that 
no  increase  in  percentage  of  germination  occurred  after  twelve  to  fifteen 
hours,  so  that  one  count  was  satisfactory.  In  making  the  counts,  it 
is  well  to  bear  in  mind  that  it  is  here  that  the  value  of  the  fungicide 
is  to  be  determined.  It  is  desirable  that  accurate  counts  of  several 
fields  on  each  slide  should  be  made  until  the  operator  has  gained  suffi- 
cient skill  to  enable  him  to  estimate  very  accurately,  without  counting, 
the  percentage  of  germination.  After  this,  the  time  required  to  make 
actual  coimts  of  every  field  might  be  spent  more  profitably  in  running 
through  a  larger  number  of  sUdes,  unless  an  unlimited  amount  of  time 
is  available.  Conclusions  drawn  from  results  on  only  a  few  slides  of 
each  treatment  are  not  reliable,  no  matter  how  accurately  the  counts 
have  been  made;  that  is  to  say,  a  few  slides  may  happen  to  run  much 
lower  or  higher  than  the  average  of  a  large  number  under  the  same 
treatment  and,  (by  the  law  of  averages),  conclusions  could  not  be  based 
on  such  variations  as  might  arise  from  slight  errors  in  making  the  counts. 
In  making  these  coimts,  the  objective  should  be  adjusted  so  that  the 
fields  of  spores  in  focus  are  those  which  are  nearest  the  spray  material 
on  the  slide.  In  making  counts  on  the  unsprayed  ends  of  the  slides, 
no  special  precaution  in  selecting  the  fields  need  be  taken  since  germina- 
tion will  be  uniform  in  all  parts  of  the  drop,  except  perhaps  at  the  surface 
in  contact  with  the  air  where  external  influences  might  interfere. 

Five  representative  fields  were  usually  selected  and  in  each  case  no 
less  than  fifty  spores  were  coimted.  Whenever  the  fields  showed  a 
wide  variation  in  percentage  of  spore  germination,  a  larger  number 
of  fields  were  counted  until  satisfactory  results  were  obtained.  These 
were  then  compared  with  counts  made  on  a  number  of  the  similarly 
treated  slides  and  in  a  majority  of  such  cases  the  percentages  were 
consistent,  varying  a  little  perhaps  with  the  individual  spores  and  the 
relative  amotmts  of  spray  material  present  to  affect  them. 

TESTS    WITH    LIME-SULFUR   SOLUTION   ALONE 

Lime-sulfur  solution  has  been  fotmd  in  the  laboratory  to  be  only 
fairly  effective  as  compared  with  other  combinations  in  the  prevention 
of  spore  germination.  However,  it  seems  to  reduce  germination  to  a 
considerable  degree,  the  percentage  of  germination  being  lower,  of 
course,  with  the  stronger  solutions  and  higher  with  the  weaker  ones. 
Whenever  a  high  percentage  of  the  checks  germinated,  the  corresponding 
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percentage  of  germination  on  the  sprayed  end  of  the  slide  was  higher 
than  in  cases  in  which  the  former  showed  low  viability.  In  other  words, 
the  more  viable  spores  simply  require  a  stronger  concentration  to  pre- 
vent their  germination.     (See  PI.  i,  Figs.  3,  4,  5.) 

At  this  point,  it  may  be  well  to  note  the  relative  viability  of  the  spores 
of  the  different  species  used  in  these  experiments.  Tables  2  and  12  show 
that  spores  do  not  germinate  at  parallel  rates  in  the  same  concentration. 
This  was  not  occasional  nor  accidental,  but  has  been  consistent 
in  most  of  our  tests.  Spores  of  Sphaeropsis  malorum  in  lime-sulfur 
1-50  germinated  to  the  extent  of  74%;  those  of  Venturia  inaequalis 
(conidia)  germinated  in  the  same  strength  solution  to  the  extent  of 
12%,  while  those  of  Sclerotinia  fructigena  (conidia)  showed  only  a  trace 
of  germination.  A  similar  gradation  is  observed  with  respect  to  lime- 
sulfur  solution  in  practically  all  concentrations  used,  and  it  is  seen 
that  in  almost  every  case  pycnospores  of  Sphaeropsis  malorum  are 
far  more  resistant  than  the  Venturia  conidia  or  the  Sclerotinia  conidia. 
Field  tests  further  strengthen  the  conclusion  that  lime-sulfur  solution 
alone  is  only  fairly  effective  as  a  fungicide.  Scab  on  Greenings  was 
reduced  only  from  79%  to  29%  by  lime-sulfur  1-30  alone.  (See  page 
178  for  comparison  with  lime -sulfur  combined  with  lead  arsenate.) 

TESTS    WITH   ARSENATE    OP   LEAD    ALONE    AS    A   FUNGICIDE. 

According  to  laboratory  tests,  lead  arsenate  alone  seemed  to  have 
rather  weak  fungicidal  value.  One-half  gram  to  100  cc.  reduced  germin- 
ation of  the  scab  fungus  conidia  from  68%  to  35% ;  two  grams  to  fifty  cc. 
reduced  brown  rot  conidial  germination  from  78.8%  to  5^-9%  (see 
PI.  Figs  3  and  7),  and  germination  of  Sphaeropsis  spores  from  87%  to 
70%.  On  the  trees  alone,  however,  arsenate  of  lead  could  be  expected 
to  give  consistently  better  results  than  other  fungicides  having  poorer 
adhesive  properties,  even  though  the  fungicidal  properties  of  the  latter 
may  be  stronger.     (See  page   177  for  explanation.) 

Arsenate  of  lead  alone  has  been  found  in  field  experiments  to  reduce 
apple  scab  considerably  and,  in  mild  cases,  to  control  it  fairly  well.  In 
the  orchard  referred  to  on  page  180,  arsenate  of  lead  alone,  2  pounds 
to  50  gallons,  reduced  the  scab  on  Hubbardstons  from  94%  to  29%, 
while  lime-sulfur  1-40  with  arsenate  of  lead  reduced  it  to  3.0%.  Accord- 
ing to  these  tests,  the  arsenate  of  lead  alone  controlled  scab  about  as 
effectively  as  lime-sulfur  alone  (see  p.  180);  but  neither  used  alone  was 
so  effective  as  the  two  combined.     Waite  ('lo)  reports  that  arsenate  of 

('10)  Waite,  M.  B.  U.S.D.A.,  Bur.  Plant  Ind.  Cir.  58:  1.  c.  12.  1910. 
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Explanation  of  Plate  l.^^Photomicrographs  showing  the  result  of  spare  germi' 
nation  tests  on  slides  variously  treated,  Comdia  of  the  peach  rot  fungus, 
Sclerotinia  fructi£ena,  were  used.  Forty-eight  ^  hours  were  aUotvedJlfar  germi- 
nation,    Magnipcation  the  same  in  all  cases,' 

Pig.  ^,—-0n  unsprayed  slide. 

Pig.  4.— 0»  slide  sprayed  with  lime-sulfur  solution  diluted  i-ioo  with  lead  arsen- 
ate added,  three  pounds  to  fifty  gallons.  Note  that  germination  was  entirely 
prevented.      Compare  with  Fig,  3. 

Pio.  5. — On  slide  sprayed  with  lime-sulfur  solution  diluted  i-ioo  without  lead 
arsenate  added.  Note  that  although  germination  and  growth  was  much  reduced, 
it  was  not  entirely  prevented,  as  tn  Fig.  4,  in  which  lead  arsenate  was  added. 

Pio.  6.— -On  slide  sprayed  with  lime-sulfur  i-ioo  +  lead  arsenate  f>recifntated  by 
carbon  dioxid.  Snowing  that  germination  was  entirely  prevented,  as  in  Fig.  4, 
in  which  the  solution  had  not  been  precipitated. 

Pig.  f,—^n  slide  sprayed  with  lead  arsenate  alone.  Note  that  growth  was  much 
inhibited,  but  a  large  percentage  germinated. 

Pig.  8.— 0»  slide  sprayed  with  sediment  from  Niagara  lime-sulfur  heavy  grade, 
diluted  1-50.  Showing  about  the  same  result  as  with  the  clear  solution  diluted 
i-ioo,  Fig.  4. 

Pio.  9. — On  clean  slide,  in  water  transferred  from  slide  sprayed  with  lime-sulfur 
1-50,  on  which  it  had  stood  for  forty-eight  hours.  {See  p.  186.)  Note  that 
much  germination  was  permitted  aUhougn  growth  was  somewhat  checked. 

Fio.  10.— Om  slide  sprayed  with  sulfur,  i  gram  to  50  cc,  of  water. 
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Plate  I. — Photomicrographs  showing  the  result  of  spore  germination  tests  on  slides 
variously  treated.  Conidia  of  the  peach  rot  fungus,  Sclerotinia  fructigena, 
were  used.  Forty-eight  hours  were  allowed  for  germination.  Magnification 
the  same  in  all  cases. 
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lead  alone  controlled  fly  speck,  smut  fungus,*  fruit  spot,  leaf  spot,  etc., 
in  Virginia  in  1909  just  as  did  the  other  fungicides  used,  'it  has  further 
been  noted  by  Taylor  ('09)  that  arsenate  of  lead  alone  has  controlled 
peach  rot  and  he  intimates  that  scab  was  also  controlled.  Taylor 
attributes  his  results  to  the  control  of  the  curculio,  whose  puncture 
furnishes  an  important  point  for  rot  infection,  but  the  results  probably 
were  also  due  largely  to  the  fungicidal  value  of  lead  arsenate  itself. 
If  scab  infection  was  prevented,  it  could  not  well  be  attributed  to  the 
control  of  curcuUo. 

After  careful  consideration  of  all  these  notes,  it  seems  evident  that 
in  case  of  mild  attacks  of  fungi  or  of  the  attacks  of  some  fungi  that  are 
very  easily  controlled,  arsenate  of  lead  alone  may  be  quite  effective  in 
preventing  infection.  On  the  other  hand,  in  cases  of  severe  attacks 
by  resistant  fungi  the  use  of  a  stronger  fungicide  is  necessary  for  good 
results.  Under  the  conditions  obtaining  at  Sodus,  N.  Y.,  during  the 
past  season  (19 10),  the  attack  of  scab  was  sufficiently  obstinate  to 
necessitate  the  use  of  a  stronger  fungicide.  On  the  other  hand,  in  the 
fungicidal  tests  made  with  lead  arsenate  in  the  laboratory,  spore  ger- 
mination was  prevented  to  such  a  slight  extent  that  it  hardly  explains, 
on  the  toxicity  basis,  the  results  that  have  been  obtained  in  spraying 
experiments.  It  will  be  noted  that  even  the  Sclerotinia  conidia,  which 
are  in  general  prevented  from  germinating  by  quite  weak  fungicides, 
gave  a  germination  (in  arsenate  of  lead)  of  57%  with  checks  at  79%. 
Yet  Mr.  Taylor  ('10),  as  stated  above,  reports  quite  satisfactory  control 
of  peach  rot  by  lead  arsenate  alone;  and,  in  our  experiments  on  apples, 
lead  arsenate  alone  reduced  scab  much  more  than  would  be  predicted  from 
our  laboratory  tests.  It  appears  evident  that  we  must  look  for  some  ex- 
planation of  its  action  aside  from  that  of  preventing  spore  germination. 

The  following  hypothesis  might  be  suggested  as  an  explanation  of 
the  fungicidal  value  of  lead  arsenate  when  used  in  field  work;  and  the 
principle  might  also  apply  to  some  other  fungicides.  From  the  fact 
that  such  a  large  percentage  of  germination  has  been  permitted  on  sUdes 
sprayed  with  this  substance,  it  would  seem  improbable  that  the  simple 
prevention  of  spore  germinations  would  be  as  effective  on  the  trees  as  it 
has  seemed  to  be  in  some  cases.  Let  us  suppose,  however,  that  the 
surface  of  the  fruit  or  leaf  is  so  completely  coated  with  the  substance 
that  a  germinating  spore  before  entering  the  host  tissue  must  actually 
bore  its  way  through  the  thin  film  of  lead  arsenate.     It  is  doubtless 

♦  So  ia  original. 

('09)  Taylor  E.  P.  The  Fruit  Grower.  Oct.  1909. 
('10)  Taylor,  E.  P.  The  Fruit  Gxpwer.  Feb.  1910:17. 
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true  that  many  spores  could  germinate  in  water  above  the  film  of  lead 
arsenate  whose  germ  tubes  could  not  bore  through  that  film  to  reach 
the  underlying  tissue,  since  in  so  doing  they  would  come  in  so  much  closer 
contact  with  the  toxic  substance.  Infection  on  parts  so  coated  might  thus 
be  prevented  even  though  the  spores  had  germinated. 

This  suggests  the  consideration  of  the  possibility  that  there  are  cases 
in  which  a  fungicide  protects  from  infection  without  preventing  spore 
germination.     Lead  arsenate  having  such  remarkable  adhesive   qual- 
ities, if  very  thoroughly  applied  would  be  effective  for  some  time  in  fur- 
nishing this  kind  of  protection.     On  surfaces  that  are  growing  rapidly, 
however,  new  tmprotected  areas  would  soon  become  exposed,  for  which 
reason  only  partial  protection  could  be  expected  (even    though   the 
surface  were  entirely  coated  at  the  time  of  sprajring)  if  the  infection 
period  occurred  some  time  after  the  appUcation.     On  the  other  hand, 
if  the  fungicide  effectively  prevents  germination  of  the  spores,  small  areas 
thus  exposed  by  growth  might  also  be  protected  from  infection,  since 
a  single  drop  of  water   may  cover  both  sprayed  and  unsprayed  areas. 
It  is  probable,  therefore,  that  though  the  above  hypothesis  be  true, 
the  only  fimgicide  that  will  be  reliable  is  the  one  that  protects  by  pre- 
venting spore  germination. 

TESTS  OF  THE  EFFECT  OF  THE  ADDITION  OF  LEAD  ARSENATE  TO  THE 

LIMB-SULFUR 

This  is  a  question  of  great  economic  importance,  especially  in 
spraying  for  fungous  diseases  of  the  apple.  We  must  use  a  fungicide 
that  can  be  combined  with  a  poison  to  control  the  codling  moth.  When 
lead  arsenate  is  added  to  lime-sulfur,  a  chemical  change  takes  place 
and  lead  sulfid  and  calcium  arsenate  are  formed,  according  to  Bradley 
and  Tartar  ('10).  It  had  been  feared  by  many  that  such  a  reaction 
would  weaken  the  fungicidal  value  of  the  lime-sulfur  solution,  since 
some  of  the  soluble  sulfur  is  precipitated.  Here  again  the  error  was  due 
to  the  mistaken  idea  that  soluble  sulfur  is  the  all-important  ingredient. 
Contrary  to  these  conclusions,  our  laboratory  and  field  tests  during 
the  current  season  have  proved  conclusively  that  the  addition  of  lead 
arsenate  not  only  does  not  decrease  the  fungicidal  value  of  Ume-sulfur 
solution  but  greatly  increases  it.     See  PI.  i.  Figs.  3,  4,  5. 

In  our  laboratory,  over  250  experiments  on  this  point  were  performed, 
using  the  spores  of  three  different  fungi.  Table  2  gives  only  the  total 
averages  of  all  like  experiments.  For  a  record  of  the  individual  ex- 
periments, see  Table  12. 

('10)  Bradley,  C.  E.  and  Tartar.  H.  V.  Jour.  Ind.  and  Eng.  Chem.  2:328.  '9^^' 
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On  Venturia  conidia,  lime-sulfur  alone,  diluted  1-30,  was  much  less 
effective  than  a  dilution  of  i-ioo  with  arsenate  of  lead  added.  A  few 
tests  were  made  using  lime-sulfur  alone,  diluted  1-20  and  i-io,  and  in 
each  case  a  few  spores  germinated.  A  dilution  of  i-ioo  with  arsenate 
of  lead  added  prevented  all  germination,  while  the  checks  averaged 
about  70%.  On  conidia  of  the  brown  rot  fungus,  Sclerotinia  fruc- 
tigena,  a  dilution  of  1-200  with  arsenate  of  lead  permitted  less  than  2% 
germination,  while  1-50  alone  allowed  9%.  Again,  when  spores  of 
Sphaeropsis  malorum  were  used,  lime-sulfur  i-ioo  with  arsenate  of  lead 
reduced  germination  more  than  a  1-20  dilution  of  the  lime-sulfur  solution 
alone.  The  table  shows  that  these  spores  were  much  more  resistant 
to  the  spray  than  either  of  the  other  fimgi,  but  the  results  varied  with 
the  treatment  in  a  manner  parallel  with  the  results  when  the  other 
fungi  were  used.  These  tests  would  seem  to  indicate  that  the  fungicidal 
value  of  lime-sulfur  solution  is  more  than  doubled  by  the  addition  of 
the  usual  amount  of  lead  arsenate  (2  pounds  to  50  gallons). 

Field  tests  have  further  strengthened  this  conclusion.  In  Mr.  Bax- 
ter's orchard,  Sodus,  N.  Y.,  Greening  trees  sprayed  with  lime-sulfur 
solution  alone,  diluted  1-30,  reduced  scab  from  79%  to  29%,  while 
the  same  dilution  with  2  pounds  arsenate  of  lead  added  to  50  gallons 
reduced  it  to  10%.  On  Duchess  pears,  in  Mr.  Johnson's  orchard, 
Sodus,  N.  Y.,  results  were  still  more  striking.  From  cotmts  made 
early  in  the  season,  it  was  found  that  early  infection  was  reduced  from 
109%  to  74.2%  by  lime-sulfur  solution,  1-40,  alone,  and  to  8.5%  by 
the  same  concentration  applied  at  the  same  time  with  arsenate  of  lead 
added  at  the  rate  of  2  poimds  to  50  gallons. 

.  Here  the  question  may  arise,  "Is  the  increased  efficiency  gained 
by  combining  the  two  substances  due  to  the  chemical  reaction  induced, 
or  to  the  fungicidal  value  of  the  lead  arsenate  itself?  "  In  the  discussion 
on  the  fungicidal  value  of  lead  arsenate,  page  175,  it  will  be  noted  that 
according  to  both  field  and  laboratory  tests  this  substance  has  some 
fungicidal  value  but  hardly  sufficient  to  account  for  the  marked  in- 
crease in  the  efficiency  of  lime-sulfur  due  to  its  addition.  The  additional 
effectiveness  on  the  trees  might  be  accounted  for  by  the  superior  sticking 
qualities  of  arsenate  of  lead,  but  even  this,  we  are  told,  is  destroyed 
by  the  reaction.  If  the  products  of  the  reaction  are  lead  sulfid  and  cal- 
cium arsenate,  then  either  one  or  possibly  both  of  these  should  prove 
to  have  strong  fungicidal  properties.  In  this  connection,  lead  sulfid 
was  tested  by  laboratory  experiments  and  found  to  have  rather  weak 
fungicidal  properties.  A  dilution  of  2  grams  per  100  cc.  reduced  the 
germination  of  Venturia  conidia  from  61%  to  18%,  1  gram  to  100  cc. 
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from  53%  to  31%,  and  J  gram  to  100  cc.  from  42%  to  17%.    Calcium 
arsenate,  unfortunately,  has  not  yet^  been  tested. 

TEST    OF    THE    EFFECT    OP    THE    ACTION    OP    CARBONIC    ACID    GAS    ON    THE 
FUNGICIDAL   VALUE    OF   LIME-SULFUR   SOLUTION 

Until  quite  recently,  the  gas  sprayer  has  been  popular  with  many 
growers.  It  is  well  known  that  in  the  machine  the  power  is  furnished 
by  carbonic  acid  gas,  which  is  purchased  in  condensed  form  imder  high 
pressure  in  strong  iron  tubes.  The  gas  is  gradually  released  as  needed 
from  this  tube  into  the  air-tight  tank  containing  the  spray  material. 
The  pressure  thus  produced  furnishes  the  power.  After  the  intro- 
duction of  lime-sulfur  as  a  fungicide,  it  became  known  that  carbonic 
acid  gas  thug  brought  into  contact  with  soluble  sulfur  largely  changed 
its  composition.  A  chemical  reaction  takes  place,  in  which  the  sulfids 
of  calcium  are  broken  up  and  insoluble  compotmds  are  formed.  When 
this  gas  (CO3)  is  passed  through  lime-sulfur  solution  in  a  test  tube  it 
will  be  noticed  that-in  a  very  few  moments  the  solution,  which  was 
perfectly  clear,  becomes  cloudy  and  in  a  short  time  the  soluble  sulfur 
is  thrown  down  in  the  form  of  a  whitish  precipitate,  which,  on  standing, 
soon  settles  to  the  bottom,  leaving  the  clear  liquid,  probably  mostly 
water,  above.  It  was,  of  course,  naturally  predicted  that  this  action 
would  destroy  the  fungicidal  value  of  the  preparation.  If  soluble  sulfur 
were  the  active  agent  it  is  certain  that  this  prediction  would  hold  true. 
On  page  167,  however,  we  have  given  reasons  why  it  is  not  soluble 
sulfur  as  appUed  that  is  the  active  agent,  but  rather  the  comparatively 
insoluble  products  into  which  it  changes  shortly  after  exposure  to  atmos- 
pheric agencies.  Considering  this,  it  occurred  to  us  that  possibly  the  in- 
soluble product  formed  by  the  action  of  the  gas  previous  to  application 
would  be  as  effective  a  fungicide  as  the  insoluble  product  formed  on 
the  tree  by  exposure  to  the  air.  We  hoped,  also,  that  if  this  should 
prove  true  we  might  be  able  to  use  it  in  this  way  on  tender  foliage, 
such  as  that  of  the  peach,  and  avoid  ali  danger  of  injury.  It  might 
be  noted  here  that  this  later  proved  true  when  lime-sulfur  solution  alone 
was  used,  but  when  arsenate  of  lead  and  lime-sulfur  together  were  thus 
acted  on  by  the  gas,  serious  burning  of  peach  foliage  resulted,  evidently 
due  to  the  formation  of  soluble  arsenic.     (See  Cornell  Bui.  288: 1.  c.  120.) 

In  consideration  of  these  possibilities,  we  thought  it  worth,  while 
to  make  a  study  of  the  effect  of  the  precipitation  by  carbonic  acid 
gas  on  the  fungicidal  value  of  lime-sulfur  solution  and  its  various  modi- 
fications.   For  our  laboratory  tests,  a  carbon  dioxid  generator  was 
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used,  passing  the  gas  through  the  various  preparations.  The  action 
was  always  continued  until  some  time  after  the  solution  had  become 
colorless.  The  preparation  was  kept  well  agitated  while  spraying  the 
slides  to  insure  even  distribution  of  the  precipitate.  Spore  germination 
tests  were  then  made,  as  described  in  the  introduction.  Table  3  gives 
the  average  results  of  not  less  than  seventy  comparative  experiments 
which  were  performed  at  different  dates,  using  different  concentrations 
and  several  modifications  of  lime-sulfur  solution,  and  comparing  the 
precipitated  with  the  not-precipitated  solutions. 


TABLE  3 — Effect  of  Precipitation  by  Carbon  Dioxid  on  Limb-Sulfur  and 
Its  Various  Modifications 

Conidia  of  Sclexx)tinia  fructigena.     Per  cent  germinated 


Treatment 


Precipitated 


Treated      Check 


No't  Precipitated 


Treated      Check 


Lime-sulfur  1-200 

Lime-sulfur  1-150 

Lime-sulfur  i-ioo *. . 

Lime-sulfur  1-50 

Lime-sulfur  1-25 

Lime-sulfur  1-200  +  lead  arsenate 

Lime-sulfur  1-150  +  lead  arsenate 

Lime-sulfur  i-ioo  +  lead  arsenate 

Lime-sulfur  1-50  +  lead  arsenate 

Lime-sulfur  1-200  +  lead  arsenate  +  lime..  . 
Lime-sulfur  i-ioo  +  lead  arsenate  +  lime. . . 
Lime-sulfur  1-200  +  lead  arsenate  +  iron 

sulfate 

Lime-sulfur  1-200  +  iron  sulfate 

Lime-sulfur  1-200  +  lime .    

Lime-sulfur  i-ioo  -H  lime^ 

Filtrate  lime-sulfur  i-io 

Filtrate  lime -sulfur  i-io;  six)res  directly  in 

filtrate 


6.6 

5 
7.2 

3-3 
o 

1.6 
o 

t 

o 
o 
o 

6.5 
3.5 

o 
o 
4 


80.3 

50 
67.7 

55 
47 

53.7 
66 

83.3 

50 

76.2 

65 

80 
80 
59 
43 
47 

35 


6.2 

7.5 

9.6 

0.4 

o 

1.8 

o 

t 

o 

t 

o 

7.7 

t 

t 

I 


40 
40 

67.5 
38 

23-5 

56 

48.5 

22.5 
36.2 

45 
62.5 

61.3 
46.6 

49.7 
56.6 


For  every  experiment  with  precipitated  lime-sulfur,  there  was  a 
corresponding  one  made  at  the  same  date  with  the  same  concentration, 
same  modifications,  same  preparation  of  spores,  and  in  every  way  sim- 
ilarly treated  except  that  the  lime-sulfur  was  sprayed  on  the  slides  in 
soluble  form.  In  these  experiments,  only  conidia  of  Sclerotinia  fruc- 
tigena were  used.  Averaging  the  percentages  of  germination  on  slides 
sprayed  with  all  combinations  and  concentrations  treated  with  the 
gas,  we  have  3%  on  the  sprayed  and  50%  on  the  check  ends  of  the 
slides.    The  average  from  the  same  combinations  and  concentrations 
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when  the  gas  was  not  used  was  6%  on  the  sprayed  and  67%  on  the  un- 
sprayed  ends  of  the  slides.  The  precipitated  preparation  here  really 
shows  a  lower  percentage  of  germination,  but  since  the  checks  run 
correspondingly  lower  we  conclude  that  the  precipitation  by  the  gas 
did  not  materially  increase  or  decrease  the  fungicidal  value.  (See  PI. 
I,  Figs.  3»  4.  6.) 

In  Mr.  Green's  orchard  at  Sodus,  Greening  trees  were  similarly  sprayed 
with  the  gas  sprayer  in  comparison  with  bordeaux  mixture.  Here 
also  the  precipitated  lime-sulfur  controlled  the  scab  well. 

To  check  up  our  laboratory  experiments  with  results  on  the  trees, 
some  sprajdng  experiments  on  apples  and  peach  trees  were  planned 
and  carried  out  during  the  summer  of  19 10.  Several  Greening  and 
Hubbardston  apple  trees  were  sprayed  with  commercial  lime-sulfur 
diluted  1-30,  to  which  was  added  2  pounds  of  lead  arsenate  to  50  gallons 
of  solution.  This  was  applied  with  a  hand  pump  sprayer.  Several 
others  of  the  same  varieties  were  sprayed  with  the  same  preparation, 
applying  it  with  the  gas  sprayer  and  allowing  the  gas  to  stand  in  contact 
with  the  solution  about  one-half  hour  before  starting  to  spray,  so  as 
to  insure  complete  precipitation  of  the  soluble  sulfur.  The  mixture 
was  kept  thoroughly  agitated  to  insure  equal  distribution  of  the  pre- 
cipitate.      Table  4  records  the  results: 

TABLE  4 — Showing  Results  Obtained  on  Apples  Sprayed  with  Lime-Sulfur 
AND  Arsenate  op  Lead  Precipitated  by  the  Gas  Sprayer,  Com- 
pared WITH  THE  Same  Not  So  Precipitated 


Mr.  Baxter's  Orchard 

Variety 

Lime-sulfur  1-30  +lead 

Check 

%Srab 
Precipitated 

%  Scab 

Not 

Precipitated 

%  Scab 

Hubbardston 

6.1 

3.3 

94.0 

R.  I.  Greenings 

7.1 

10.9 

79.4 

Similar  experiments  were  tried  on  peach  trees.  As  previously  stated 
we  had  hoped  by  precipitating  the  soluble  sulfur  before  applying  it 
to  be  able  to  avoid  all  danger  of  foliage  injury.  Several  trees  in  two 
different  orchards  were  sprayed  with  lime-sulfur  diluted  1-30,  and  others 
with  lime-sulfur  diluted  1-50,  in  each  case  with  2  pounds  arsenate  of  lead 
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to  50  gallons  added.     The  gas  sprayer  was  used.     Serious  foliage  injury 
was  caused;  in  fact,  almost  total  defoliation  resulted.     There  was  also  a 
larger  percentage  of  rotted  fruit  on  the  trees  thus  treated  than  on  the 
unsprayed  trees.     We  attribute  this,   however,  to  the  fact  that  the 
foUage  injury  so  devitalized  the  trees  that  they  were  unable  properly 
to  mature  the  fruit.     The  injury  was  due  probably  to  arsenic  being 
in  some  way  made  soluble  in  the  series  of  reactions  through  which 
it  had  passed,  as  has  been  pointed  out  by  the  senior  author  ('11).    This 
conclusion  was  further  confirmed  when  the  trees  sprayed  with  lime- 
sulfur  1-30  alone,  without  the  lead  arsenate,  precipitated  by  the  gas 
sprayer  in  a  similar  way,  suffered  no  injury  whatever;  and  in  this  case 
the  brown  rot  was  reduced  from  45%  on  checks  to  1.5%  on  the  tree 
sprayed  twice  and  to  6.5%  on  the  two  trees  sprayed  only  once.     Here 
we  have  evidence  from  field  tests  that  the  precipitation  did  not  destroy 
the  fungicidal  value  of  lime-sulfur  solution   used  alone  for  brown  rot 
of  peach.     So  far  as  its  use  with  lead  arsenate  is  concerned,  we  were 
prevented  from  getting  results  on  peaches  because  of  the  severe  foliage 
injury  caused  by  the  arsenic.     The  results  on  apple  scab  given  above 
furnish  evidence  on  this  point. 

We  would  hesitate,  however,  to  advise  the  use  of  the  gas  sprayer 
to  apply  lime-sulfur  and  lead  arsenate,  even  on  apples,  until  given 
further  trial.  In  view  of  the  results  on  peach  foliage,  we  fear  that  there 
might  be  some  danger  that  under  certain  conditions  enough  soluble 
arsenic  would  be  liberated  to  cause  objectionable  injury  to  the  foliage 
of  the  apple.  In  the  case  cited  above,  some  slight  yellowing  and  dropping 
occurred  about  a  month  after  the  application,  but  not  enough  to  be 
very  objectionable. 

So  far  as  determining  its  fungicidal  value  is  concerned,  we  should 
consider  this  test  a  severe  one,  since  the  spring  and  early  summer  were 
very  favorable  for  fungous  infection.  The  precipitation  does  seem  to  re- 
duce to  some  extent  the  adhesive  qualities  of  the  preparation,  and  for 
this  reason  it  might  not  prove  so  effective  under  all  conditions. 

(*ii)  Wallace,  E.  Spray  Injury  Induced  by  Lime-sulfur  Preparations,  N.  Y. 
(Cornell)  Agr.  Exp.  Sta.  Bui.  2SS:  1.  c.  120.    191 1. 
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TESTS     OF    THE     EFFECT    OF    THE     ADDITION     OF    LIME     TO    LIME- 
SULFUR   SOLUTION 

Table  5  gives  the  results  of  laboratory  tests  on  this  point. 

TABLE  5 — Showing  the  Effect  on  Spore  Germination  op  the  Addition 
OF  Limb  to  Lime-Sulfur  Solution 


Treatment 


Scleiotinia  fructigena. 
Percent  germinated 


Treated 

Check 

Treated 

Check 

+  lime 

t 

49.7 

6.2 

40 

I 

56.6 

9.6 

67.5 

0 

59.0 

6.6 

80.3 

0 

43 -o 

7.6 

67.7 

t 

70.0 

56.9 

78.8 

t 

45  .0 

1.8 

56 

0 

62. 5 

t 

72.5 

0 

76.2 

1.6 

53.7 

0 

65.0 

t 

83-3 

Lime-sulfur  1-200 

Lrime-sulfur  i-ioo 

Lime-sulfur  1-200  pptd 

Lime-sulfur  i-ioo  pptd 

Lead  arsenate  2-50 

Lime-sulfur  1-200  +lead  arsenate 

Lime-sulfur  i-ioo  +lead  arsenate 

Lime-sulfur  1-200  +lead  arsenate  pptd, 
Lime-sulfur  i-ioo  +lead  arsenate  pptd 


In  some  cases  there  seemed  to  be  some  increase  in  the  efficiency  of 
lime-sulfur  solution  due  to  the  addition  of  lime.  The  number  of  ex- 
periments in  which  this  occurred,  however,  is  not  great  enough  to 
establish  the  principle.  This  is  true  both  of  lime-sulfur  alone  and  of 
lime-sulfur  with  lead  arsenate  added.  A  large  number  of  comparative 
tests  would  be  necessary  to  establish  this  point.  On  the  other  hand, 
there  seemed  to  be  a  marked  increase  due  to  the  addition  of  lime  when 
the  mixture  was  precipitated  by  carbonic  acid  gas. 

This  again  might  be  explained  on  a  purely  physical  basis.  When 
lime-sulfur  solution  is  treated  with  carbon  dioxid  in  a  test  tube,  it  will 
be  noticed  that  a  very  fine  quite  adhesive  deposit  is  made  on  the  sides 
of  the  tube.  The  particles  of  lime  present  are  very  much  coarser  than 
the  particles  of  this  deposit.  It  is  probable  that  this  same  deposit  is 
made  and  that  it  coats  the  surface  of  each  particle  of  lime  in  the  mix- 
ture. Now  when  a  viable  spore  lodges  in  a  drop  of  water  on  a  sprayed 
surface,  its  germination  is  apparently  prevented  in  one  of  two  ways: 
either  the  dissolving  action  of  water  on  the  spray  material  brings  a 
sufficient  amount  of  a  toxic  substance  into  solution  to  prevent  spore 
germination,  or  the  spore  may  secrete  a  dissolving  agent  which  in  turn 
acts  on  the  spray  material.  In  either  case,  the  explanation  on  a  physical 
basis  would  be  the  same.  A  greater  surface  is  exposed  to  the  dissolving 
action  and  a  germination-inhibiting  strength  could  be  more  quickly 
obtained.    This  principle  should  also  apply  to  any  additional  value  that 
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might  appear  in  case  of  the  solution  not  so  precipitated,  except 
that  in  this  case  the  particles  of  lime  would  become  coated  as  the 
solution  dries  around  them.  In  any  case,  this  result  might  obtain 
in  laboratory  tests  while  it  would  not  hold  true  in  actual  practice  where 
the  spray  would  be  subjected  to  the  action  of  the  rain.  In  the  latter 
case,  the  spray-coated  particles  of  lime  would  probably  not  adhere 
so  well  as  the  finer  coating  deposited  directly  from  the  solution.  If 
these  particles  are  washed  off,  the  surface  may  be  left  more  bare  than 
if  they  had  not  been  present.  The  result  would  be  to  decrease  the 
effectiveness  of  the  spray.  The  fact  that  lead  arsenate  alone  con- 
trolled apple  scab  better  than  with  magnesium  oxid  or  with  sediment 
from  pure  lime  added,  while  the  reverse  was  true  in  the  laboratory 
tests,  would  seem  to  add  some  weight  to  this  conclusion. 

We  have  accumulated  some  evidence  that  the  explanation  of  the 
fundamental  principle  of  fungicidal  action  involved  in  the  preceding 
paragraph  represents  the  actual  condition. 

THE    PRINCIPLE    OP   FUNGICIDAL   ACTION 

To  determine  whether  or  not  the  spore  is  active  in  dissolving  the 
material  that  prevents  germination,  two  types  of  experiments  were 
performed.  While  they  have  not  yet  been  carried  out  on  so  extensive 
a  scale  as  desirable,  we  believe  that  the  results  are  sufficiently 
striking  to  be  worthy  of  note  as  an  indication  of  what  is  probable, 
and  as  a  suggestion  for  further  work  in  this  connection. 

Drops  of  water  were  placed  on  slides  that  had  been  sprayed  with 
lime-sulfur  solution  1-50.  The  water  was  allowed  to  stand  on  the  spray- 
coated  surface  for  two  days.  It  was  then  transferred  to  clean  slides,  and 
conidia  of  Sclerotinia  fructigena  were  added.  This  reduced  germination 
on  the  three  slides  thus  treated  only  from  98%  to  75%,  but  growth  was 
markedly  inhibited.  It  would  therefore  appear  that  the  water  itself 
was  able  to  dissolve  some  of  the  toxic  substance  but  not  enough  to 
account  for  the  fungicidal  action  when  the  spores  are  placed  in  the 
water  directly  on  the  spray-coated  surface.  It  would  seem,  then,  that 
the  germinating  spore  secretes  a  dissolving  agent  which  acts  on  the 
insoluble  fungicide  to  bring  small  quantities  of  the  same  into  solution. 
(See  PI.  I.  Figs.  3,  9.)  To  get  further  evidence  on  this  point,  the 
following  experiments  were  devised  and  carried  out  with  the  aid  of 
suggestions  from  Professor  Whetzel. 

Spores  of  the  same  fungus  were  placed  in  water  in  a  watch-glass  for 
three  days  to  germinate.  The  spores  were  then  filtered  out.  Hypotheti- 
cally,  this  should  give  us  water  plus  the  dissolving  agent  secreted  by 
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the  spores.  Some  drops  of  the  filtrate  were  placed  on  slides  sprayed 
-with  lime-sulfur  1-25  and  some  on  clean  slides.  Germination  tests 
in  water  in  which  no  spores  had  previously  germinated  were  carried 
through  the  entire  experiment  as  a  check.  All  slides  were  kept  in 
moist  chambers  for  two  days,  then  the  water  from  each  slide  was  re- 
moved to  clean  ones,  and  spores  added,  with  the  results  shown  in 
Table  6. 

TABLE  6 


Treatment 

No. 
SUdes 

Per  cent 
germinated 

Remarks 

Check 

2 

5 

3 

I 

40 
8 

0 
25 

Vigorous  growth. 

"W^ater  from  sprayed  slides 

Water  +h3rpothetical    dissolving 

agent  from  sprayed  slide 

Water  +dissolving    agent    from 

tmspraved  slide 

Growth  much  inhibited. 
Growth    somewhat    in- 

hibited. 

This  experiment  was  repeated  with  somewhat  similar  results,  using 
lime-sulfur  1-50  on  the  sprayed  slides,  and  allowing  the  water  and  water 
plus  dissolving  agent  to  stand  only  28  hours  on  the  sprayed  slides.  Con- 
idia  of  Sclerotinia  fructigena  were  again  used. 

The  individual  sUdes  were  as  shown  in  Table  7. 


TABLE  7 

Per  cent 
germination 

Water  from  sprayed  slides 7 

'•'      14 

"      20 

U  u  u  u 

"  •*  "  "      10 

"     10 

"     10 

12 

"      8 

Water  +hypothetical  dissolving  agent  from  sprayed  slides i 

It  u  u  u  u  u 

U  U  U  U  M  U 

U  U  U  U  It  u  " 

u  u  u  u  u  u  ^ 

Water  +hvpothetical  dissolving  agent  from  unsprayed  slides 30 

"      '.'.'.'.'.'.'.'.'/.['.'.  30 

«      50 

50 
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These  experiments  are  not  sufficiently  extensive  to  conclusively 
demonstrate  our  point.  They  certainly  show,  however,  that  there 
is  some  intimate  relation  between  the  action  of  the  spore  on  the  rela- 
tively insoluble  fungicide  and  the  action  of  the  fungicide  on  the  spore. 

Further,  germination  tests  directly  on  sprayed  slides  have  given 
evidence  that  close  contact  of  the  spore  with  the  fungicidal  coating 
is  an  important  factor,  at  least  in  some  cases.  This  was  especially 
noticeable  when  conidia  of  Glomerella  rufomaculans,  the  bitter  rot 
fungus,  were  placed  to  germinate  on  slides  sprayed  with  lime-sulfur 
solution.  Table  8  was  compiled  from  actual  counts  made  from  a  number 
of  fields  selected  from  the  clear  spaces  between  the  spray-coated  spots 
on  the  slide  compared  with  others  selected  directly  on  the  spray-coated 
spots.  The  same  drop  of  water  covered  all  the  field  in  each  case,  so  that 
if  the  fimgicide  went  into  solution  in  sufficient  quantity  to  be  effective 
without  the  aid  of  the  spores,  its  action  should  be  evenly  distributed 
throughout  the  drop  of  water  by  means  of  diffusion.  However,  there 
is  also  in  this  case  the  possibility  that  even  though  the  water  were  the 
only  dissolving  agent,  the  spore  Ijring  directly  in  contact  with  the  source 
of  the  solution  would  absorb  it  before  diffusion  had  taken  place. 

In  concluding  this  discussion,  we  wish  to  point  out  that  the  principle 
of  fungicidal  action  may  not  be  the  same  in  all  fungicides  and  may  also 
vary  with  different  fimgi.  The  above  experiments  apply  only  to  lime- 
stdfur  as  affecting  the  fungi  used  in  these  experiments.  In  the  case  of 
the  experiments  on  Glomerella,  two  slides  sprayed  with  bordeaux 
4-4-50  were  used  and  on  these  germination  was  prevented  about  as 
much  on  the  clear  space  as  on  the  spray-coated  spots  directly.  If  this 
phenomenon  holds  constant,  it  might  explain  why  bordeaux  may  be 
expected  to  control  bitter  rot  more  successfully  than  lime-sulfur  solution. 

TESTS    OP   THE    EFFECT   OF  THE    ADDITION    OF   IRON   SULFATE   TO 
LIME-SULFUR   SOLUTION 

The  number  of  experiments  conducted  on  this  phase  of  the  subject 
was  rather  small,  and  we  should  hesitate  to  draw  definite  conclusions. 

The  addition  of  iron  sulfate  to  lime-sulfur  solution,  so  far  as  our 
laboratory  tests  are  concerned,  seemed  to  have  but  very  little  effect 
on  the  efficiency  of  the  latter;  if  any,  perhaps  slightly  increasing  it. 
The  results  are  shown  in  Table  9  and  more  in  detail  in  Table  12,  page 
203,  and  are  not  entirely  consistent.  The  same  tables,  however,  seem 
to  show  that  when  lead  arsenate  and  iron  sulfate  are  both  added,  the 
increased  value  due  to  the  addition  of  arsenate  of  lead  is  not  realized 
as  it  is  when  the  iron  sulfate  is  omitted.     This  will  be  further  noted 
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by  comparing  these  tables  with  Table  2.    The  same  was  true  also  when 
the  mixture  was  precipitated  by  carbon  dioxid. 

TABLE  9 — Showing  Effect  of  the  Addition  of  Iron  Sulfate  to    LtIMe- 
SuLFUR  Solution  on  Germination  of  Conidia  of  Sclerotinia 
Pructigena 


Treatment 


Sclerotinia  fructigena.     Per  cent  germinated 


Treated 
+  Iron 
Sulfate 


Check 


Treated 


Check 


Lime-sulfur  1-400 

Lime-sulfur  i-aoo 

Lime-sulfur  i-ioo 

Lime-sulfur  i-aoo  precipitated. .  . . 
L.  S.  1-200  +  arsenate  of  lead, , , , 
L.  S.  i-ioo  +  arsenate  of  lead. . . . 
L.   S.    1-200    +   arsenate  of  lead 

pptd 

L.    S.    1-50     +    arsenate   of   lead 

pptd 


o 
trace 
3.5 
3.5 
7.7 
o 

6.5 


60 
46.6 

43 
80 

61.3 
72 

80 

40 


6.2 
9.6 
6.6 
1.8 
trace 

1.6 


40 

t^ 
80, 

56 
48. 


53.7 
50 


THE    SEDIMENT 

Another  much  discussed  question  is  the  value  of  the  sediment  which 
is  sometimes  retained  in  lime-sulfur  solution.  This  point  is  of  special 
interest  to  the  person  who  makes  his  own  lime-sulfur,  for  if  the  sediment 
or  sludge  is  of  no  value  it  may  as  well  be  discarded  unless  the  grower 
prefers  to  use  it  as  a  marker.  It  is  also  of  interest  to  him  who  buys 
the  factory-boiled  product,  since  it  is  not  worth  while  to  pay  freight 
for  a  valueless  product  even  though  the  company  should  furnish  the 
extra  volume,  thus  occupied,  free  of  charge. 

Laboratory  tests  were  made  to  determine  the  fungicidal  value  of 
sediment  from  heavy-grade  commercial  lime-sulfur,  and  also  from  two 
types  of  home-boiled  concentrates.  The  sediment  was  prepared  for 
these  tests  by  filtering  and  washing  for  two  or  three  days  to  remove 
the  solution  as  thoroughly  as  possible.  Twenty-six  experiments  on 
sediment  from  heavy-grade  commercial  lime-sulfur  at  various  concentra- 
tions were  conducted  and  in  every  case  the  percentage  of  germination 
was  considerably  reduced  both  by  the  sediment  alone  and  when  com- 
bined with  arsenate  of  lead.  As  shown  in  Table  10,  however,  it  did 
not  seem  to  have  as  strong  fungicidal  value  as  the  same  volume  of  the 
clear  solution.     Furthermore,  the  addition  of  lead  arsenate  to  the  sedi- 
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ment  did  not  seem  to  increase  its  effectiveness  so  markedly  as  when 
added  to  the  solution.  This  is  further  evidence  that  the  reaction 
between  lead  arsenate  and  lime-sulfur  solution  induces  a  greater  increase 
in  the  efficiency  of  the  fungicides  than  would  be  accounted  for  by  that 
of  lead  arsenate  itself  if  it  remained  as  such. 

From  these  tests  it  would  seem  that  the  sediment  has  about  one- 
half  the  fungicidal  value  of  the  same  volume  of  the  clear  solution. 
To  demonstrate  this,  a  quantity  of  it  was  filtered  out,  washed  for  three 
days,  and  two  Greening  trees  were  sprayed  with  the  sediment  diluted 
1-15,  with  2  pounds  arsenate  of  lead  to  50  gallons.  The  trees  were 
sprayed  three  times  on  the  same  dates  that  those  in  the  same  orchard 
were  sprayed  with  other  preparations.  The  scab  was  reduced  from 
58%  to  13%  on  these  trees,  practically  the  same  result  which  was 
obtained  on  trees  beside  them  sprayed  with  lime-sulfur  solution  1-30 
with  arsenate  of  lead.  In  view  of  the  fact  that  arsenate  of  lead  alone 
has  some  fungicidal  value,  it  is  to  be  regretted  that  sediment  alone  was 
not  used  on  some  trees,  but  since  control  was  as  good  as  the  average 
where  other  fungicides  were  used  in  the  same  orchard,  and  since  in 
another  orchard  lead  arsenate  alone  gave  29%  of  scab  where  Ume-stilfur 
with  lead  arsenate  gave  only  3%,  there  seems  to  be  little  doubt  that 
the  sediment  itself  was  effective,  especially  when  confirmed  by  the 
above  laboratory  tests  on  sediment  alone.     (See  PI.  i,  Figs.  3,  4  and  8). 

Further  experiments  both  in  the  field  and  laboratory  were  performed 
to  determine  if  possible  to  what  ingredient  or  ingredients  of  the  sedi- 
ment its  fungicidal  properties  are  due.  According  to  Van  Slyke  et  al 
('09),  this  sediment  is  Ukely  to  contain  i  to  7%  of  free  sulfur,  13  to  15% 
calcium  sulfite,  9  to  12%  magnesium,  and  a  small  amount  of  calcium 
sulfite,  iron  and  aluminum.  By  laboratory  experiments  most  of  these 
substances  were  tested  individually,  with  the  results  shown  in  Table  11. 

Calcium  sulfite  seemed  to  have  very  little  value  as  a  fungicide,  and 
while  free  sulfur  does  have  value,  it  is  not  present  in  the  sediment  in 
sufficient  quantities  to  account  for  the  fungicidal  effect. 

Magnesium  oxid,  on  the  other  hand,  was  effective  in  preventing  spore 
germination.  A  concentration  of  J  gram  to  100  cc.  of  water  in  four  dif- 
ferent experiments  made  at  four  different  dates  entirely  prevented 
germination  of  conidia  of  Venturia  inaequalis.  A  stronger  solution 
quite  effectively  reduced  the  germination  of  Sphaeropsis  spores  which 
have  been  found  to  be  very  resistant  to  fungicides.  In  all,  sixteen 
experiments  were  conducted,  all  of  which  indicated  quite  decidedly 
that  magnesium  oxid  has  considerable  fungicidal  value. 

(•09)  Van  Slyke  L.  L.  et  al.  N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bui.  319 : 1.  c.  1 16. 1909. 
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To  determine  whether  or  not  this  might  largely  account  for  the 
efficiency  of  sediment,  two  home-boiled  preparations  were  made,  in  one 
case  using  chemically  pure  lime  (CaO),  in  the  other  adding  25%  of 
magnesium  oxid  (MgO).  This  would  be  equivalent  to  using  magnesium 
lime.  The  sediment  from  each  was  filtered,  washed,  and  tested  as  was 
the  sediment  of  the  Niagara  heavy-grade.  Here  the  difference  was 
decidedly  in  favor  of  the  sediment  containing  the  magnesium.  Since, 
however,  the  checks  in  either  case  did  not  germinate  as  well  as  could 
be  desired,  we  would  not  consider  this  test  to  be  absolutely  reliable. 

This  evidence,  however,  in  addition  to  the  results  obtained  with 
magnesium,  leads  us  to  suspect  that  the  fungicidal  value  of  the  sediment 
will  probably  vary  largely  with  the  magnesium  present  in  the  lime 
used  in  making  the  lime-sulfur  solution.  Probably  if  a  pure  lime  is 
used,  the  sediment  itself  will  have  but  little  fimgicidal  value.  The 
fact  that  sediment  containing  magnesium  was  more  effective  than 
magnesium  oxid  alone  or  even  with  lead  arsenate  added,  might  be 
explained  by  the  fact  that  the  sediment  had  better  sticking  qualities 
than  magnesium  powder  alone  or  with  lead  arsenate.  Field  experi- 
ments were  planned  to  confirm  or  disprove  this  conclusion.  A  quantity 
of  each  of  two  kinds  of  sediment  was  prepared,  as  above,  and  several 
young  trees  in  Mr.  Baxter's  orchard  were  sprayed  with  each,  using 
the  usual  amount  of  lead  arsenate  in  both  cases.  On  Greenings  sprayed 
with  the  sediment  containing  lead  arsenate  but  no  magnesium,  the 
scab  was  reduced  from  79%  to  26%  (752  apples  included);  on  Pound 
Sweets,  from  78%  to  26%  (38  apples  included).  Adjacent  trees  were 
sprayed  with  sediment  known  to  contain  magnesium.  Unfortunately 
the  Greening  and  Hubbardston  trees  thus  sprayed  did  not  set  fruit. 
On  the  Pound  Sweet  tree  in  this  plat  only  94  apples  were  found,  but 
the  scab  on  these  was  reduced  from  78%  to  9%. 

This  indicates  strongly  that  the  sediment  without  the  magnesium 
has  rather  weak  fungicidal  value.  Even  lead  arsenate  alone  gave 
better  results  on  Hubbardstons.  This  may  be  due  to  the  better  sticking 
properties  of  the  latter.  It  does  not  prove,  however,  that  the  other 
preparation  would  have  given  decidedly  better  results  since  the  number 
of  apples  set  on  this  plat  was  so  small  that  no  definite  conclusion  could 
be  drawn  from  this  experiment.  The  result  on  those  that  did  set, 
however,  was  encouraging,  and  in  view  of  the  fact  that  the  sediment 
from  the  Niagara  solution,  which  probably  contains  considerable  mag- 
nesium, gave  such  satisfactory  results  in  Mr.  Legassee's  orchard,  we 
are  inclined  to  believe  that,  on  this  point  also,  field  results  will  agree 
with  those  obtained  by  laboratory  experiments. 
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On  the  other  hand,  we  were  not  able  by  our  field  experiments  on 
apples  to  confirm  the  results  of  our  laboratory  tests  on  magnesium 
oxid  itself.  This  was  used  at  the  rate  of  one  pound  to  five  gallons 
with  the  usual  amount  of  lead  arsenate.  Scab  on  Greenings  was  re- 
duced from  79%  to  39%,  and  on  Hubbardstons  from  94%  to  45%. 
Lead  arsenate  alone,  the  same  strength,  reduced  scab  on  the  Hubbard- 
stons to  29%. 

This  result  was  somewhat  anticipated  in  view  of  the  very  poor  sticking 
qualities  of  the  magnesium  powder  even  when  mixed  with  lead  arsenate. 
We  might  again  explain  on  a  purely  physical  basis  the  fact  that  lead 
arsenate  on  apples  was  more  effective  alone  than  with  magnesium 
oxid  or  even  with  the  pure  lime  sediment,  in  that  the  arsenate  being 
applied  with  and  on  the  solid  particles  of  the  powder,  is  partially  removed 
with  the  latter  by  rains,  etc.  (See  p.  175.) 

On  peaches,  however,  magnesium  oxid  alone  was  quite  effective 
in  controlling  the  scab  fungus  (Cladosporium  carpophylum) .  On  a  tree 
of  Early  St.  John's  sprayed  with  magnesium  oxid  without  any  lead 
arsenate  added,  there  was  but  3^%  of  scab  as  compared  with  44% 
on  the  two  adjoining  trees  unsprayed.  The  difference  here  was  cer- 
tainly marked  enough  to  demonstrate  in  this  case  the  fungicidal  value 
of  magnesium  oxid,  and  since  the  downy  coat  of  the  peach  helps  the 
preparation  to  adhere,  even  though  it  be  a  poor  sticker,  it  further  seems 
evident  tliat  the  failure  to  control  scab  on  apples  was  due  to  poor  ad- 
hesive qualities  and  not  to  a  lack  of  fungicidal  properties. 

In  concluding  the  discussion  of  magnesium  oxid  and  sediment,  we 
wish  to  make  it  clear  that  we  are  not  recommending  the  use  of  magne- 
sium or  impure  lime  for  the  preparation  of  lime-sulfur  solution,  nor 
in  general,  the  use  of  sediment.  We  have  been  trying  to  get  at  the 
fundamental  principles  involved. 

Even  though  the  fungicidal  value  of  magnesium  oxid  be  demon- 
strated, it  does  not  demonstrate  the  advisability  of  using  magnesium 
lime  in  preparing  the  solution.  It  would  doubtless  be  somewhat  waste- 
ful if  the  sediment  is  to  be  discarded,  since  the  magnesium,  we  are  told 
by  VanSlyke  et  al  ('09),  does  not  to  any  extent  go  into  solution,  but 
remains  with  the  sediment,  and  would  therefore,  be  discarded  with 
it.  Again,  since  magnesium  remains  insoluble,  considerable  more 
sediment  is  formed  when  it  is  present  in  the  lime  used,  and  this  to  some 
persons  may  be  rather  objectionable.  It  is  also  true,  as  noted  by 
VanSlyke   ('09),   that  in  cooking  considerable  hydrogen  sulfid   (HjS) 

(•09)  VanSlyke,  L.  L.  &  Hedges,  C.  C.  &  Bosworth.  A.  W.  N.  Y.  (Geneva) 
Agr.  Exp.  Sta.  Bui.  319: 1.  c.  410-41 1.  1909. 
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is  formed  when  magnesium  lime  is  used.  This  is  tmpleasant  aad  un- 
healthy for  workmen,  and  also  results  in  the  loss  of  some  sulfur.  All 
these  points  must  be  considered  in  a  discussion  of  the  practical  phase 
of  the  subject  but  are  beyond  the  scope  of  our  present  work.  Our 
work,  in  brief,  indicates  only  that  magnesium  oxid  itself  has  fimgicidal 
value  and  that  the  sediment  from  a  solution,  especially  when  made  from 
lime  high  in  magnesium  content,  is  evidently  worth  using  with  the 
solution  and  should  therefore  not  be  discarded  as  a  worthless  product. 
It  is  probable  that  if  the  sediment  is  used  with  the  solution  there  is  no 
loss  of  fungicidal  value  from  the  use  of  magnesium  lime  since  the  mag- 
nesium itself  would  probably  more  than  atone  for  the  loss  of  the  small 
amount  of  sulfur  which  it  occasions.  It  is  probably  true,  however, 
that  the  greater  inconvenience  occasioned  by  the  presence  of  magnesium 
in  preparing  the  mixture  and  the  formation  of  a  larger  amotmt  of  sedi- 
ment makes  it  desirable  to  use  pure  lime.  .  Whether  one  should  pur- 
chase a  commercial  solution  with  or  without  the  sediment  is  another 
question  which  we  are  not  attempting  to  discuss  here.  Our  work  again 
simply  indicates  that  the  sediment  from  the  preparation  we  tested, 
itself  had  about  one-half  as  much  fungicidal  value  as  the  same  volume 
of  the  clear  solution. 

SUMMARY 

It  is  generally  conceded  that  in  most  cases  fungicides  control  fungous 
diseases  of  plants  by  preventing  spore  germination.  Therefore,  any 
laboratory  method  of  testing  the  value  of  a  fungicide  for  such  diseases 
must  be  based  on  spore  germination  tests  and  any  such  method  to  be 
of  practical  significance  must  be  one  in  which  the  fungicide  is  brought 
in  contact  with  the  spores  in  as  nearly  as  possible  the  form  in  which 
it  is  found  when  called  upon  to  prevent  infection  of  the  plant. 

Tests  made  directly  in  the  solution  or  mixture  as  it  occurs  in  the 
spray  tank  do  not  conform  to  this  condition  since  most  fungicides  under- 
go marked  chemical  changes  on  exposure  to  atmospheric  conditions 
after  being  applied  to  the  plant.  The  method,  therefore,  should  be 
one  in  which  the  fungicide  is  subjected  to  such  changes  before  the  test 
is  made.  When  glass  slides  are  sprayed  and  subjected  to  atmospheric 
conditions  for  a  time  before  the  germination  tests  are  made,  this  con- 
dition is  at  least  approximated.  This  method  does  not  determine  all 
points  of  efficiency  in  a  fungicide.  We  believe  it  quite  accurately 
indicates  the  fungicidal  properties  of  a  substance.  Other  properties 
may  largely  determine  its  practical  efficiency,  such  as  a  proper  degree 
of  solubility  and  the  adhesiveness   of   the   material.     Other   methods 
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must  be  employed  to  test  these  points.  Perhaps  some  washing  process 
may  be  used  successfully.  The  method  employed  in  this  work  could 
not  be  used  in  a  study  of  such  fungous  diseases  as  powdery  mildews, 
where  the  fungicide  destroys  the  surface-growing  fungus  by  direct 
contact.  It  is  also  probable  that  in  the  case  of  peach  leaf  curl  the  spores 
are  killed  by  direct  contact  with  the  spray  as  applied,  in  which  way 
it  differs  in  principle  from  most  fungous  diseases  and  our  method  would 
therefore  not  be  applicable  to  this  disease. 

No  generalization  can  be  made  applicable  to  all  fungous  diseases.  Each 
disease  must  be  studied  separately,  first  knowing  the  life  history  of  the 
ftingus  and  governing  the  study  of  the  fungicidal  tests  accordingly. 
Lime-sulfur  solution  at  a  strength  safe  for  foliage  was  found  by  both 
laboratory  and  field  tests  to  be  only  fairly  effective  as  a  fungicide.  In 
general,  a  stronger  concentration  was  required  to  prevent  germination 
of  conidia  of  Venturia  inaequalis  than  those  of  Sclerotinia  fructigena, 
and  still  stronger  was  required  for  Sphaeropsis  malorum. 

Arsenate  of  lead  alone  seems  to  have  some  fungicidal  value,  giving 
rather  better  results  in  field  tests  than  laboratory  experiments  indi- 
cated. This  is  probably  explained  by  its  excellent  adhesive  properties, 
in  that  it  keeps  the  surface  of  the  host  so  thoroughly  coated  as  to  prevent 
the  entrance  of  the  germ  tube  even  though  germination  of  the  spores 
may  not  be  prevented. 

Our  experiments,  both  in  the  field  and  laboratory,  have  demon- 
strated beyond  a  doubt  that  the  addition  of  arsenate  of  lead  very  greatly 
increases  the  fungicidal  properties  of  lime-sulfur  solution.  The  in- 
crease seems  more  marked  than  could  be  attributed  to  the  rather  weak 
fungicidal  value  of  arsenate  of  lead  itself,  and  we  therefore  conclude 
that  the  chemical  reaction  which  takes  place  when  the  two  substances 
are  combined  is  beneficial  rather  than  detrimental. 

The  action  of  carbonic  acid  gas  on  the  lime-sulfur  solution  (as  in 
the  case  of  the  use  of  the  gas  sprayer),  although  entirely  changing  its 
chemical  composition,  did  not  in  our  tests  materially  affect  its  fungi- 
cidal value.  The  soluble  sulfur  is  precipitated  before  application 
and  the  resulting  product  seems  as  effective  as  the  relatively  insoluble 
compoimds  to  which  the  solution  would  otherwise  soon  change  on  ex- 
posure to  the  air  after  being  applied  in  the  soluble  form.  This  seemed 
true  both  of  lime-sulfur  alone  and  with  lead  arsenate  added.  In  case 
of  tender  foliage,  however,  there  is  danger  of  injury  from  arsenic 
when  the  two  combined  are  so  precipitated.  On  the  other  hand,  with 
lime-sulfur  alone,  the  action  of  the  gas  by  precipitating  the  soluble 
sulfur  seems  to  destroy  entirely  its  caustic  properties,  as  would  be  ex- 
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pected,  making  it  absolutely  harmless  to  foliage.  It  is  probable  that  the 
adhesive  properties  of  lime-sulfur  thus  precipitated  before  application  are 
not  quite  so  good  as  when  it  is  applied  in  the  soluble  form,  although  the  re- 
sults of  spraying  experiments  this  season  (1910)  under  quite  trying  con- 
ditions were  good.     Further  investigations  of  this  subject  are  desirable. 

The  addition  of  Ume  to  lime-sulfur  solution,  according  to  a  limited 
number  of  laboratory  experiments,  seemed  slightly  to  increase  its 
efficiency.  In  field  tests  no  difference  that  could  be  attributed  to  the 
addition  of  lime  could  be  noted.  The  evidence  on  this  point  is  not 
conclusive  further  than  that  we  are  convinced  that  there  is  no  marked 
effect  one  way  or  the  other. 

The  addition  of  iron  sulfate,  according  to  laboratory  tests,  seemed 
slightly  to  increase  the  fungicidal  properties  of  lime-sulfur  solution 
when  no  arsenical  was  used.  When  lead  arsenate  was  combined  with 
the  two,  the  increased  efficiency  due  to  the  lead  arsenate  did  not  seem 
to  be  realized  as  when  the  iron  sulfate  was  omitted.  Field  tests  on 
this  point  are  inconclusive. 

Sediment  from  a  commercial  solution  in  the  laboratory  seemed 
to  show  about  one-half  as  much  value  as  the  same  volume  of  the 
solution.  This  conclusion  was  confirmed  by  a  field  test.  Sediment 
from  home-boiled  preparations  in  which  magnesium  lime  was  used 
seemed  to  have  considerably  more  value  than  when  pure  calcium 
oxid  was  used.  Field  tests  favored  this  conclusion,  but  the  number 
of  apples  setting  on  trees  thus  sprayed  was  so  small  that  this  point 
is  still  open  to  question.  If  this  holds  true  the  value  of  sediment  will 
vary  largely  with  the  magnesium  content  of  the  lime  used. 

Calcium  sulfite  and  sulfate,  other  ingredients  of  sediment,  were  tested 
and  found  to  have  but  very  little  fungicidal  value.  Free  sulfur  doubt- 
less has  fungicidal  value,  but  the  amount  of  this  contained  in  the  sed- 
iment is  hardly  enough  to  account  for  the  fungicidal  properties  of  the 
latter. 

A  study  of  the  principle  of  the  action  of  the  ftmgicides  in  preventing 
spore  germination  gave  some  evidence  that  the  spore  itself  is  active 
in  bringing  into  solution  small  quantities  of  the  fungicide  which  in 
turn  prevents  germination.  Some  inhibition  is  occasioned  without 
the  action  of  the  spores,  as  indicated  by  the  fact  that  spores  germinated 
more  abundantly  in  water  that  had  stood  on  sprayed  slides  for  a  time 
and  was  then  removed  than  in  water  not  so  treated.  The  inhibition 
was  not  nearly  so  marked,  however,  as  when  water  in  which  spores 
had  germinated  was  filtered,  placed  on  slides  that  had  been  sprayed, 
removed,  and  used  for  tests. 
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DATA    SHEETS 

TABLE  12  — Showing  Results  of  Individual  Tests,  Each  In- 


CLUDING  3   TO 

5  Slides 

Sphaeropsis 
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Sclerotinia 

malorum 
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fructigena 
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10 
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25 

3 

0 

0 
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0 
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28 

50 
50 
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20 
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60 
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2-17 
2-20 
2-20 
2-25 
2-25 
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92 
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2-26 
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0 
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0 
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t 

70 

0 
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t 

25 

6-27 

86 
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43 
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TABLE   12    {Continued) — Showing   Results  op  Individual  Tests,    Each    In- 
cluding 3  TO  5  Slides 


Spliaeropsis 

Venturia 

Sclerotinia 

malonim 

inaequalis 

fructigena 

Date 

%  germination 

%  germination 

%  gennination 

Spray  used 

1910 

Treated 
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Treated 
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Treated 
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t 

4S 
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66 
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56 
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71 
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7-1 1 

86.5 
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62.5 

90 
96.5 

73.5 

12.5 
15 

63.5 
82. S 
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12-27 

0 
0 

47 
0 
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7-28 
7-28 

IS 

95 

t 
t 

11 
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• 
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IS 
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TABLE  12  -(Cotainued) — Showing  Results  of  Individual  Tests,  Each  In- 
cluding 3  TO  5  Slides 


Sphaeropsis 

Venturia 

Sclerotinia 

malorum 

inaequalis 

fructigena 

Date 

%  germination 

%  germination 

%  germination 

Spray  used 

1910 

Treated 

Check 

Treated 
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Treated 
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L.  S.  1-50  + 

6-27 

10 

75 

0 

90 

lead   arsen- 
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".5 

74 

0 
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L.  S.  1-20    + 

7-28 

6 

92 

0 

80 

lead  arsen- 

7-28 

2 

68 

0 

92 

ate 
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85 
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60 
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TABLE   12    (Continued) — Showing    Results  op  Individual  Tests,    Each  In- 
cluding 3  TO  5  Slides 


Sphaeiopsis 

Venturia 

Sclerotinia 

malorum 

inaequalis 

fructigena 

Date 

%  germination 

%  germination 

%  gennisation 

Spray  used 
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ate   4-  iron 

3-18 

0 

7^ 

sulfate 
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TABLE  12  '(Continued) — Showing  Results  of  Individual  Tests,  Each  In- 
cluding 3  TO  5  Slides 


Sphaexopsis 

Venturia 
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fructigena 
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TABLE  12  '{Continued) — Showing  Results  op  Individual  Tests.  Each  In- 

CLUDING  3  TO  I 

;  Slides 

Sphaeropsis 

Venturia 

Sclcrotinia 
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I-IO 

2 

95 

25 

I-IO 
I-IO 
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TABLE  I  a    (Catuinusd) — Showing  Results  op  Individual  Tests,  Each  In- 
cluding 3  TO  5  Slides 


Sphaeropsis 
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Sclerotinia 
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fructi^ena 

Date 
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4-  4 

0 

30 
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30 
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Sediment 

from   mag- 

Pl 

53 
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0 
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27.5 
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0 

62 
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60 

95 
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86.5 
33 

98 

92 
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88 

17.5 

47.5 
88.5 
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70 

86 

52.5 

3-16 

t 

70 

+  lime 
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id    1-200 

3-18 

1 

6 

60 

3-a8 

0 

20 

6-27 

0 

80 
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95 

7-8 

0 

58 
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id    I -1 00 

6-27 

41 

94 

0 

87 
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0 

50 

7-8 

54 

82 
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id  2-100 

3-18 

0 
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10 
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0 
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40 

97 
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30 

80 
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id  3-X00 
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IS 

95 
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18 

97 
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TABLE  12   (CofUinu&dy-SBOwiKG  Results  of  Individual  Tests,  Each  Ik- 

CLUDiNG  3  TO  5  Slides 
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fruc'ti£|eQ& 

%  germinataon 

Treated 

Check 

Treated 

Check 

Treated 

Check 

Blagnesium  ox- 
id  4-xoo 

7-X2 
7-12 

5 
xo 

95 
97 

Calcium  sulfite 

2-XOO 

7-1 X 
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32 
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7-28 
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50 
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28 
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96 

23.5 
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44 
55 
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0 

0 

".5 

80 
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95 

95 

92 

29 
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64 

51 

85 
91 

Calcium    std- 
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7-  a 
7-11 

7-13 
7-28 

0 
27.5 

40 
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78 

0 

30 

40 
87.5 

Calcium    sul- 
fate 4-zoo 

7-8 
7-1 1 

7-13 
7-28 

77.5 
75 

94.5 
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8.5 

27.5 
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53 

90 
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Sulfur  2- zoo 

2-  5 
2-  9 
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Inhib- 
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44 

Calcium     hy- 
droxid 
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0 

75 
95 
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2-14 
2-15 

In 

filtrate 
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t 

4 

3S 
47 

Lead  sulfid  i- 
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7-8 
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2-28 

95 
94 

57 

95 
96 

79 

22.5 

40 

50.5 
57 

• 

Lead  sulfid  2- 
xoo 

7-8 
7-12 

Ts 
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90 

18.5 

6x 
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TABLE  12  -{Continued) — Showing  Results  of  Individual  Tests,  Each  In- 
cluding 3  TO  5  Slides 


Spray  used 

Date 
1910    , 

Sphaeropsis 

malorum 

%  germination 

Ventuija 

inaequalis 

%  germination 

Sclerotinia 

fructigena 

%  germmation 

Treated 
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Treated 
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Treated 

Check 

Lead  sulfid  4- 
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7-12 

85 

95 

• 

Self-boiled  L. 
S.  4-4-50 

2-26 
3-  I 

10 

2.5 

85 
20 

Self-boiled     L. 
S.  8-8-50 

2-26 

t 

90 

Self-boiled  L. 
S.  4-4-50  + 
lead  arsen- 
ate 

3-  I 

0 

13 

L.  S.  solution 
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magnesium 
lime  x-ioo 

4-  I 

2.5 

15 

Same      made 
with     pure 
lime  i-ioo 

4-  I 

12 

60 

Bordeaux  2-2- 
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3-26 
7-28 
7-28 
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0 

72 
90 

0 
0 
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0 

? 

Bordeaux  4-4- 
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7-28 
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91 

0 
0 

46 
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0 
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In  fungicide  di- 
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solution  1-20 
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2-28 

t 

65 

Same  i-io,  000 

0 

65 

Same  1-5.  000 

0 

80 
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CAULIFLOWER  AND  BRUSSELS  SPROUTS   ON  LONG 

ISLAND 

A  cool  and  moist  climate,  especially  if  tempered  with  sea  air,  has 
long  been  recognized  as  most  congenial  to  the  brassicaceous  or  cabbage- 
like vegetables,  and  the  more  exacting  members  of  the  group,  as  cauli- 
flower and  Brussels  sprouts,  scarcely  reach  perfect  development  except 
under  such  conditions.  Long  Island,  while  somewhat  too  hot  in  the  sum- 
mer for  early  maturing  cauliflowers,  has  ideal  autumnal  conditions  for 
these  and  Brussels  sprouts,  since  not  only  is  the  air  cool  and  moist, 
but  killing  frosts  are  delayed  through  ocean  influence  two  or  three 
weeks  after  they  have  closed  the  growing  season  up-state.  There  are 
perhaps  other  sections  of  the  state  wh<ere  cauliflower,  the  most  difficult 
subject  of  all  the  cabbage  family,  can  be  grown  equally  well,  especially 
the  early  crop,  but  certainly  none  has  attained  anything  like  the  promi- 
nence of  Long  Island  in  this  industry;  indeed,  it  is  doubtful  whether 
any  region  in  the  entire  country  enjoys  a  better  reputation  for  this  crop. 

The  crops  which  form  the  subject  of  this  paper  were  formerly  grown 
abundantly  in  the  western  part  of  the  Island,  but  the  enormous  advance 
in  the  price  of  land  near  New  York  has  either  gradually  driven  the 
larger  truckers  eastward  past  the  more  barren  central  parts  of  the 
Island  to  the  fertile  east  end,  or  retired  them  to  ease  and  luxury.  The 
industry  is  now  fairly  well  concentrated  along  the  north  shore  at  the 
east  end  of  the  Island,  from  Wading  River,  Calverton  and  Riverhead 
on  the  west,  to  Orient  Point  at  the  extreme  eastern  tip ;  and  this  region 
provides  the  basis  of  the  present  study.     (See  map.  Fig.  103.) 


Author's  Note. —  Many  Long  Island  growers  have  placed  me  under  great  obliga- 
tions for  their  willingness  and  patience  in  giving  the  details  of  their  experience,  and 
I  regret  that  lack  of  space  prevents  acknowledgment  to  each  by  name.  I  wish  to 
express  to  them  collectively  my  sincere  thanks  for  their  numerous  courtesies.  To 
the  following  I  am  particularly  indebted:  Messrs.  George  R.  Jennings,  W.  O. 
Salmon,  and  J.  J.  Donahue,  of  Southold ;  H.  R.  Conkling  of  Riverhead,  manager 
of  the  Cauliflower  Association;  L.  H.  Hallock  and  Nelson  Douglas  of  Orient; 
Henry  Kaelin  of  Cutchogue;  and  W.  V.  Duryee,  consignee  of  the  Cauliflower 
Association  at  Flatbush.  Mr.  F.  A.  Sirrine  of  Riverhead  read  the  manuscript  of 
the  sections  on  insects,  and  made  valuable  suggestions.  To  Mr.  H,  B.  Fullerton 
of  Medford,  I  am  indebted  for  the  photographs  reproduced  in  Figs.  104  and  106; 
and  to  the  Nagley  Manufacturing  Company  of  Lyons,  N.  Y.,  for  the  electrotype 
of  Fig.  105.  All  the  other  illustrations,  except  Fig.  103,  are  from  my  own 
photographs. 
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The  soil  throughout  this  section  is  more  or  less  uniform,  being  a 
light  sandy  loam   of   a   light   yellow   color.      It   has   moderate  natural 


Fia  103.    The  section  of  Eastern  Long  Island  in  which  cauliflowers  and  Brus- 
sels sprouts  are  grown. 

fertility,  and  excellent  drainage,  but  it  is  decidedly  deficient  in  humus, 
crusts  easily,,  and  blows  about  unless  covered  with  vegetation.  The 
subsoil,  which  is  usually  encountered  at  a  depth  of  about  8  inches, 
is  a  yellow  sand  and  gravel.  A  sample  of  soil  taken  on  the  farm  of 
Mr.  L.  H.  Hallock  near  Orient  shows  by  analysis  the  following : 

Soil  Subsoil 

Organic  matter,  5.58  ^  3.61  ^ 

Nitrogen,  0.146;^  0.065^ 

Phosphoric  acid  (PgOg),-  0.144^1^  0.037^ 

Potash  (K^O),  0.181;^  0.164^ 

The  amount  of  organic  matter  in  the  subsoil  is  unusually  large,  but 
the  phosphoric  acid  content  is  low. 

The  land  devoted  to  these  crops  is  nearly  always  level  or  slightly 
rolling,  nearly  free  from  stones,  and  of  easy  tilth.  The  lay  of  the  land 
is  perfect  for  trucking  purposes. 


PART  I.     CAULIFLOWER 

HISTORY  AND  EXTENT  OF  THE  INDUSTRY 

The  first  cauliflowers  grown  in  this  section  of  the  Island  appear  to 
have  been  raised  about  1874  by  Mr.  Charles  Case  at  Peconic.  He  g^ew 
the  large  variety  Algiers,  seven  or  eight  heads  of  which  would  fre- 
quently fill  a  barrel.  His  first  planting  was  a  timid  venture  of  half  an  acre, 
but  the  proceeds  reached  the  astonishing  amount  of  $500.00.  News  of 
this  quickly  got  abroad,  and  the  following  year  Mr.  Case  was  not  alone 
in  the  business,  patches  of  half  an  acre  to  an  acre  appearing  on  the  f^rms 
of  his  neighbors.     One  of  these,  Mr.  H.  L.  Fleet,  became  somewhat 
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bolder  the  second  year  and  put  out  four  acres,  from  which  he  realized, 
outside  of  freight  and  commissions,  over  $2,000.00.  Thereafter  this 
profitable  vegetable  became  common  in  the  neighborhood,  and  the  in- 
dustry spread  towards  Riverhead  on  the  one  side,  and  Greenport  and 
Orient  on  the  other.  A  net  return  of  $300.00  an  acre  from  this  crop 
was  common  in  those  days. 

The  variety  Algiers,  which  is  a  very  late  sort,  was  grown  almost 
exclusively  till  1884,  when  Mr.  Henry  Kaelin  of  Cutchogue  put  in  half  an 
acre  of  Dwarf  Erfurt,  an  earlier  sort  and  more  resistant  to  hot  weather. 
He  began  to  cut  for  market  on  July  25,  and  had  finished  by  September 
I,  when  he  found  he  had  cleared  $350.00.  Next  year  many  growers 
planted  this  promising  new  variety,  but  the  stump-rot  was  very  bad  that 
season,  and  the  crop  was  almost  a  total  loss.  The  new  variety  had 
come  to  stay,  however,  for  it  is  of  a  better  size  for  the  market  than 
the  over-large  Algiers;  and  its  shorter  season  enables  it  to  be  grown 
successfully  following  early  potatoes  the  same  season.  To-day  it  is  the 
reigning  favorite ;  Algiers  has  disappeared  entirely,  and  no  other  variety 
has  a  tithe  of  the  vogue  enjoyed  by  the  Dwarf  Erfurt. 

The  present  extent  of  the  industry  may  be  estimated  roughly  by 
the  amount  of  seed  sold  last  year,  which  was  some  500  pounds.  At  the 
rate  of  three  ounces  of  seed  for  each  acre,  which  is  more  than  many 
require,  there  should  have  been  about  2,666  acres  devoted  to  this  crop; 
to  make  the  estimate  conservative,  say  2,500.  The  total  number  of 
packages,  nearly  all  barrels,  shipped  last  year  (1909)  was  277,144. 

preparing  the  soil,    rotation 

Cauliflower  ground  is  plowed  early  in  the  spring,  some  sort  of  cover- 
crop,  and  occasionally  manure,  being  turned  under.  The  field  is  then 
either  left  till  July,  with  an  occasional  harrowing  to  keep  the  weeds 
down,  or  planted  with  early  potatoes,  which  are  off  by  August  first,  and 
leave  the  land  in  excellent  condition  for  setting  cauliflower.  This 
succession  means  complete  employment  of  the  land  throughout  the  grow- 
ing season,  and  is  the  favorite  method;  for  though  the  August  set- 
ting sometimes  gives  a  late  crop  of  small  heads,  and  may  mean  par- 
tial failure  if  the  latter  part  of  summer  is  very  dry,  such  heads  are  the 
best  for  storing,  and  bring  high  prices  at  the  holiday  season. 

Rotation  of  crops  is  essential  for  the  best  results  with  this  crop, 
and  is  always  practiced;  deviation  from  this  means  rapid  deterioration 
and  increase  of  disease.  Cauliflowers  should  not  be  put  on  the  same 
ground  oftener  than  once  in  three  or  four  years.    Potatoes  are  the  crop 
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usually  chosen  to  folio  «v  as  well  as  to  precede  cauliflowers,  though  car- 
rots are  also  used.  Upon  harvesting  the  potatoes  or  carrots,  either  rye 
or  oats,  or  occasionally  clover  or  timothy,  is  sown,  to  be  plowed  under 
in  the  spring.  The  following  year  corn  may  be  grown,  or  wheat,  or  oats, 
and  the  land  seeded  down  to  remain  one  or  two  years  in  clover  or  grass. 
Potatoes  then  go  upon  this  sod,  followed  by  cauliflowers,  and  thus  the 
cycle  is  completed.  The  important  thing  in  the  rotation  is  to  get  as 
much  humus  into  the  soil  as  possible,  while  getting  annual  returns  from 
the  land,  and  to  avoid  other  cruciferous  crops  on  which  the  parasites  of 
the  cauliflower  might  subsist.  Growers  who  do  not  make  free  use  of 
cover-crops  soon  find  their  soil  in  such  a  condition  as  to  bake  and 
dry  out  badly. 

SEED 

The  importance  of  good  seed  can  scarcely  be  over-emphasized.     Ill 
or  carelessly  selected  strains  are  dear  at  any  price,  for  these  are  sure 


^^.^ 


Fig.  104.    Plants  which  failed   to   head  properly.    Poorly  selected   seed. 

to  produce  a  large  proportion  of  leafy,  loose,  and  branchy  heads  that  are 
quite  worthless  (Fig.  104).  Good  seed  has  been  obtainable  for  years 
from  some  of  the  New  York  seed  houses,  who  have  imported  from 
Denmark,  and  the  growers  have  confined  themselves  largely  to  one  or 
two  of  these  houses.  The  prices,  which  have  always  been  from  $2.00 
to  $2.50  an  ounce,  were  not  felt  to  be  unreasonably  high  until  accident 
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revealed  to  the  growers  how  great  was  the  difference  between  the 
prices  here  and  in  Denmark.  In  1905,  Mr.  J.  M.  Lupton  of  Mattituck, 
in  co-operation  with  the  United  States  Department  of  AgricuUure, 
undertook  some  experiments  in  growing  cauliflower  seed.  Mr.  W.  W. 
Tracy,  Sr.,  representing  the  Department,  went  to  Denmark  to  investi- 
gate methods,  and  secured  for  Mr.  Lupton  some  of  the  best  seed 
available,  at  $1.00  an  ounce.  Though  the  experiment  failed  (the 
weather  on  Long  Island,  being  so  hot  in  July,  during  blossoming  and 
the  early  development  of  the  seed,  even  when  the  plants  were  under 
cloth  screens,  that  practically  no  good  seed  was  produced),  the  strain 
proved  to  be  excellent,  and  fully  equal  to  any  then  in  the  hands  of 
the  growers.  This  opened  the  eyes  of  the  growers  to  the  fact  that 
they  were  paying  entirely  too  much  for  seed,  and  the  Cauliflower  Asso- 
ciation soon  decided  to  send  a  member  to  Denmark  to  buy  seed  and 
make  a  contract  for  an  annual  supply.  Mr.  Henry  Kaelin  of  Cutchogue, 
a  grower  of  many  years'  experience,  was  selected  for  this  mission, 
and  the  following  June  waited  upon  Messrs.  Hjalmar  Ilartman  and 
Co.,  of  Copenhagen,  where  he  selected  a  four-acre  block  from  their 
fields,  the  seed  from  which  was  to  be  delivered  to  the  Association. 
At  the  request  of  the  seedsmen  he  went  through  the  patch  with  a 
hoe,  cutting  down  every  plant  which  did  not  please  him.  He  found 
the  plants  remarkably  fine  and  uniform,  and  did  not  care  to  remove 
more  than  a  very  few.  The  seed  proved  extremely  satisfactory,  and 
the  company  has  since  continued  to  supply  the  Association  growers. 
This  seed  has  been  sold  by  the  Association  as  low  as  75  cents,  but 
the  present  price  is  a  dollar  an  ounce,  and  brings  a  small  profit  to 
the  organization  after  the  duty  is  paid.  The  Danish  firm  now  thoroughly 
knows  the  requirements  of  the  Long  Island  growers,  and  each  year  the 
seed-mother  plants  are  especially  selected  to  meet  them.  It  is  rare 
now  to  find  a  leafy  head,  and  the  proportion  of  plants  which  fail  to 
form  good  heads  is  very  small. 

One  variety,  the  Dwarf  Erfurt,  is  now  grown  almost  exclusively.  It 
is  a  plant  of  medium  size,  and  produces,  in  a  season  of  medium  length, 
a  handsome  head,  medium  to  large  in  size,  heavy,  solid  and  symmetrical. 
The  only  other  variety  grown  to  any  extent  is  Henderson's  Early  Snow- 
ball, introduced  by  Peter  Henderson  &  Co.  This  is  earlier  than  Erfurt, 
and  is  said  to  endure  the  heat  somewhat  better,  but  most  growers  find 
it  makes  too  small  a  head  to  take  well  on  the  market.  It  is  grown  but 
sparingly,  and  even  without  the  defect  mentioned  would  not  be  much  of 
a  rival  to  the  Erfurt,  as  most  growers  have  found  early  cauliflowers,  in 
spite  of  good  prices,  more  trouble  to  raise  than  they  are  worth. 
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Danish  Giant  is  a  new  variety  which  has  been  planted  to  some  extent 
the  last  two  or  three  years.  It  makes  a  large  and  heavy  head,  and  would 
be  a  valuable  acquisition  if  it  did  not  require  so  long  a  season.  To  reach 
proper  maturity  it  must  be  in  the  field  by  July  i,  and  this  is  too  early 
under  the  hot  weather  conditions  of  this  region. 

The  amount  of  seed  necessary  to  plant  an  acre  varies  considerably 
with  the  care  of  the  seed-bed,  weather  conditions,  number  of  plants  per 
acre,  and  the  age  of  the  seed.  Three  ounces  per  acre  is  a  liberal  allow- 
ance, even  for  the  closest  setting  in  the  field,  and  many  growers  find  two 
ounces  ample,  especially  if  the  plants  are  set  by  hand.  In  a  few  cases 
a  single  ounce  has  furnished  enough  plants  for  an  acre.  About  6,000 
plants  are  required  per  acre,  and  each  ounce  of  seed  may  ordinarily  be 
counted  on  to  produce  3,000  to  5,000  plants.  The  seed  sold  by  the  Asso- 
ciation contains  about  10,600  seeds  per  ounce. 

Seed  two  years  old  appears  to  be  exactly  as  good  as  that  only  one, 
and  the  Association  therefore  finds  it  advisable  to  keep  a  reserve  supply 
for  a  year  ahead  constantly  on  hand,  to  make  good  against  any  failure 
of  the  crop  in  Denmark.  At  three  years  the.  seed  is  still  good,  but  needs 
to  be  sown  a  little  more  thickly ;  after  this  the  germinating  power  declines 
rapidly,  and  the  seed  ceases  to  be  desirable.  All  seed  bought  by  the 
Association  is  tested  by  it  for  germination,  and  has  always  been  found 
to  show  90  per  cent,  or  better,  in  some  cases  running  as  high  as  98  per 
cent. 

RAISING   THE   PLANTS 

To  raise  the  plants  it  is  customary  to  prepare  a  seed-bed  on  the  edge 
of  the  field  to  be  planted,  unless  a  more  convenient  situation  can  be 
found.  The  land  is  harrowed  down  as  fine  and  level  as  possible,  the 
Meeker  harrow  with  numerous  small  disks  being  an  excellent  tool  to 
finish  with,  and  a  6-8-5  fertilizer  applied  broadcast  at  the  rate  of  a  ton 
per  acre.  The  seed  is  put  in  with  a  hand-drill,  the  rows  being  spaced  one 
foot  apart.  One  ounce  of  seed  will  sow  about  200  feet  of  drill,  if  sown 
rather  thinly.  As  the  beds  are  never  thinned,  this  is  more  likely  to  pro- 
duce stocky  plants  than  thicker  seeding,  but  some  growers  believe  in  sow- 
ing thickly,  finding  that  the  seeds  in  germinating  break  through  the  crust 
more  readily,  that  the  crowding  makes  the  root  system  more  compact 
and  easier  to  pull,  and  that  the  plants  can  be  pulled  in  handfuls.  Crust- 
ing can  be  prevented  by  scattering  sand  to  the  depth  of  a  quarter  of 
an  inch  over  the  rows  after  sowing  the  seed,  and  this  is  sometimes 
practiced. 

The  depth  of  sowing  should  be  carefully  regulated,  as  it  is  easy  to  put 
the  seed  in  so  deeply  it  will  never  come  up.  One-third  of  an  inch  is 
the  best  depth,  and  half  an  inch  rather  too  deep. 
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The  time  required  to  grow  plants  to  a  suitable  size  for  setting  is  j 

about  six  weeks,  or  about  a  week  more  than  for  cabbages.    Sowings  are  j 

made  any  time  from  the  middle  of  May  to  the  middle  of  June,  most  of  | 

them  falling  about  the  first  of  June,  giving  plants  ready  to  set  in  the  j 

latter  part  of  July.     Nearly  all  growers  make  two  sowings,  and  some  i 

three,  at  intervals  of  a  week  to  ten  days.  This  enables  them  to  choose  the 
most  favorable  moment  for  setting,  and  also  to  have  a  succession  in  the 
harvest,  with  better  distribution  of  labor. 

The  bed  should  be  cultivated  lightly  two  or  three  times  to  prevent 
crusting.  As  the  time  for  transplanting  approaches  the  plants  should 
cover  the  bed  solidly  with  a  growth  six  to  eight  inches  high,  firm  and  i 

stocky.  No  spraying  is  given  the  beds,  but  if  the  plants  are  infested 
with  lice  at  the  time  of  pulling  they  are  dipped  in  soap  suds  made  by 
dissolving  a  pound  of  common  bar  soap  in  six  or  seven  gallons  of  water. 
Some  growers  hesitate  to  give  this  treatment  unless  the  infestation  is 
heavy,  as  the  film  of  soap  seems  to  check  the  activities  of  the  plant,  and 
make  recovery  from  transplanting  slower. 

Cauliflowers  designed  for  the  summer  market  must  be  started  under 
glass  in  February  or  early  March,  and  set  out  as  soon  as  the  ground  can 
be  prepared  in  the  spring.  Very  little  of  this  is  done  in  this  section  of  the 
Island.  In  the  earlier  days,  when  Algiers  was  the  leading  variety,  those 
growing  ior  the  early  market  were  accustomed  to  sow  in  the  fall,  and 
carry  the  plants  through  the  winter  in  cold  frames.  The  labor  and  un- 
certamty  involved,  however,  have  caused  this  plan  to  be  abandoned.  If 
the  plants  went  through  the  winter  a  little  too  large,  many  of  them  were 
sure  to  "  button,"  or  form  tiny  premature  heads;  and  if  too  small,  many 
of  them  would  perish  from  cold. 

transplanting 

Transplanting,  where  the  land  has  been  saved  for  cauliflower,  is  com- 
monly done  the  last  two  weeks  in  July.  If  early  potatoes  have  been 
grown  on  the  land  in  the  same  season,  the  ground  will  not  be  available 
till  the  early  part  of  August.  Late  planting,  however,  does  not  always 
mean  corresponding  lateness  of  harvest,  for  the  hot,  dry  weather  com- 
mon in  late  summer  may  hold  earlier  plantings  almost  at  a  standstill 
for  several  weeks,  and  not  permit  them  to  reach  maturity  a  whit  earlier 
than  the  later  planting.  It  is  considered  good  practice  to  make  several 
settings  as  some  assurance  against  freaks  of  the  weather,  and  to  lengthen 
the  period  of  harvesting. 
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Cloudy  weather,  especially  just  before  a  rain,  is  the  ideal  time  for 
setting,  but  one  with  a  large  acreage  can  seldom  choose  so  carefully. 
If  one  is  obliged  to  set  in  bright  weather,  only  the  latter  part  of  the 
afternoon  should  be  used. 

Machine  planting  has  now  largely  superseded  hand  planting  among 
the  larger  growers,  and  appears  in  general  to  be  giving  satisfaction  (Fig. 
105).    The  stand  is  less  perfect  than  with  hand  planting,  and  very  much 

less  if  the  help  is  incompetent,  but  the 

operation  is  much  more  rapid,  and  the 

labor    greatly    reduced.      A    barrel    of 

water  is  carried  on  the  machine,  and  at 

^each    click    which    marks   the   time    for 

dropping  a  plant  about  half  a  pint  of 

water  is  delivered  in  the  furrow.    About 

450  plants  can  be  set  with  one  barrel  of 

water.     As  the  operators  at  the  rear  of 

Fig.  ios.    TyPe  of   machine -planter  ^he   machine   are   seldom  quick   enough 

commonly     employed    in  setting  always  to  set  a  plant  at  just  the  right  mo- 

^^^^^^^  many  prefer  to  let  the  water  run 
continuously.  To  use  the  machine  successfully  the  ground  must  be  fairly 
dry ;  plants  cannot  be  set  so  soon  after  a  rain  by  use  of  the  machine  as 
by  hand. 

The  field  is  marked,  if  to  be  planted  by  hand,  in  checks  three  feet  by 
thirty  inches.  Marking  is  not  necessary  when  the  machine  is  used,  but 
some  growers  succeed  in  getting  the  rows  straighter  by  marking  one  way 
at  intervals  of  three  feet.  Plants  set  by  hand  can  be  cultivated  both  ways, 
but  this  is  not  possible  when  the  machine  is  used,  as  the  plants  do  not  row 
across. 

The  number  of  plants  required  per  acre  is  commonly  estimated  at  6,000 
though  the  actual  number  at  three  feet  by  thirty  inches,  is  5,808.  This 
number  is  likely  to  be  overrun  in  machine  planting.  It  takes  a  good 
workman  to  set  5,000  plants  by  hand  in  a  day,  and  he  must  have  the 
plants  dropped  for  him  to  do  that.  With  a  machine  about  three  times 
this  number  can  be  set  in  an  afternoon.  Whether  setting  is  done  by  hand 
or  machine,  it  is  best  to  pull,  sort  and  lay  the  plants  straight  in  the  morn- 
ing, so  that  setting  can  go  on  uninterruptedly  in  the  afternoon.  An  occa- 
sional grower  prefers  to  pull  the  plants  the  night  before  setting,  believing 
that  the  fine  roots  developed  in  the  interval  help  the  plants  to  take  hold 
more  promptly.    The  roots  of  course  must  be  protected  with  a  wet  blanket 
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or  bag.  If  the  tops  are  large  it  is  a  good  plan  to  twist  off  the  ends  of  the 
leaves.  A  few  puddle  the  roots  by  dipping  in  thick  clay  water.  When 
hand  setting  is  practiced  the  holes  should  be  dug  in  the  morning,  using  a 
hoe  and  making  them  about  three  inches  deep.  Barrels  of  water  are  then 
placed  in  the  field  at  suitable  intervals,  and  a  few  minutes  before  setting 
the  holes  are  filled  with  water  from  a  bucket ;  as  soon  as  this  soaks  away 
the  plant  may  be  dropped  in  the  hole  and  a  handful  of  the  mud  slapped 
on  the  roots,  finishing  with  a  little  dry  earth. 

FERTILIZATION    AND   CULTIVATION 

Commercial  fertilizers  are  universally  employed  by  the  cauliflower 
growers,  and  far  too  often  to  the  exclusion  of  stable  manure.  Cover- 
crops  combined  with  fertilizers  might  be  expected  to  make  it  possible  to 
dispense  with  barnyard  manure,  but  when  land  is  valued  at  $200  an  acre 
it  is  necessary  to  get  the  fullest  use  out  of  it,  and  most  farmers  in  this 
section  keep  it  so  well  occupied  that  cover-crops  get  little  chance  to 
develop.  The  soils  are  naturally  deficient  in  humus,  and  unfortunately 
the  common  practice  tends  to  make  them  more  so.  The  effects  of  a 
liberal  application  of  horse  manure  are  so  striking,  especially  in  a  dry 
season,  as  to  lead  one  to  wonder  why  the  growers  continue  to  neglect 
it.  The  best  fields  seen  this  year  (1910)  were  without  exception  those 
which  had  been  well  manured  in  addition  to  the  usual  application  of 
fertilizer,  and  comparison  with  adjoining  fields  showed  so  striking  a 
contrast  as  to  be  absolutely  convincing.  The  high  price  of  manure. 
New  York  being  the  nearest  source  of  supply,  is  of  course  the  drawback ; 
but  it  must  be  remembered  that  the  cost  is  not  a  charge  against  a  single 
crop,  for  the  benefits  spread  themselves  over  two  or  three  years.  The 
cost  of  horse  manure  is  $1.50  to  $1.65  a  ton  (f.  o.  b.  buyer's  station), 
being  somewhat  cheaper  in  the  summer  than  in  spring  or  autumn.  The 
quality  varies  considerably,  depending  on  the  kind  of  stable  bedding  used 
and  the  extent  to  which  the  hose  has  been  used  to  increased  the  weight. 
Rye-straw  manure  is  the  best.  A  car  of  manure  weighs  anywhere  from 
25  to  35  tons,  and  most  of  a  carload  is  required  to  dress  an  acre  well  — 
say  20  to  25  tons.  Under  the  present  system  of  cropping  the  use  of 
manure  is  imperative  if  the  soil  is  to  be  maintained  in  its  best  condition, 
or  the  highest  profits  realized  from  it,  and  more  growers  should 
recognize  and  act  upon  this  truth. 

The  commercial  fertilizer  most  commonly  used  is  that  formulated  by 
the  Southold  Town  Club,  and  based  on  the  experience  of  many  growers. 
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The  formula  is  6-8-5  (6^  nitrogen,  8^  phosphoric  acid,  and  5^  potash), 
one-half  the  nitrogen  being  derived  from  nitrate  of  soda,  and  one-half 
from  fish  scrap  (the  manufacturer  is  permitted  to  substitute  some  tankage 
for  fish  scrap  if  the  latter  is  unobtainable  in  sufficient  quantity)  ;  the 
phosphoric  acid  from  acid  phosphate  (Charleston  rock)  ;  and  the  potash 
from  muriate  of  potash.  Each  year  the  manufacturers  are  invited  to 
compete  for  the  contract,  which  is  given  to  the  lowest  bidder.  This 
year  the  price  per  ton  was  $30.60  to  the  club,  and  25  cents  higher  to 
the  growers,  to  cover  the  expense  of  handling.  Three  thousand  five 
hundred  tons  were  ordered  this  year.  Mapes*  6-8-5  fertilizer  also  finds,  a 
good  deal  of  favor,  because  some  prefer  the  bone  base,  and  like  the  ver}' 
fine  condition,  which  makes  it  easy  to  sow.  It  costs  between  $2.00  and 
$3.00  a  ton  more  than  the  Club  fertilizer.  In  addition  to  these  a  dressing 
of  bone  meal,  300  to  400  pounds  per  acre,  once  in  two  or  three  years,  is 
considered  desirable  by  some.  One  grower  used  one  year  16  loo-lb.  bags 
of  bone  and  11  bags  of  6-8-5  fertilizer  on  11,000  plants,  and  had  an  ex- 
ceptionally fine  crop,  though  the  growth  was  so  vigorous  the  heads  were 
a  little  coarse.    This  application  was  doubtless  somewhat  too  heavy. 

The  application  of  commercial  fertilizers  is  rarely  less  than  1,500 
lbs.  per  acre,  or  more  than  one  ton.  *  It  may  be  put  on  the  row  or  broad- 
casted, the  latter  being  preferable  because  there  is  less  danger  of  burning 
the  roots  of  the  yoting  plants.  Burning  is  almost  sure  to  take  place  if  as 
much  as  a  ton  per  acre  is  applied  on  the  rows,  and  the  plants  set  in  dry 
weather.  Any  good  spreader  may  be  used  to  apply  the  fertilizer,  which 
should  be  put  on  and  lightly  harrowed  in  just  before  setting. 

The  cauliflower  contains  by  analysis  the  following  percentages  of 
plant  food  materials :  * 

Head 
Leaves 

Shallow  but  thorough  cultivation  should  be  commenced  as  soon  as 
the  plants  are  set,  and  repeated  as  often  as  necessary  to  maintain  a 
perfect  dust  mulch.  This  commonly  means  going  over  the  field  every 
week  or  so,  and  as  soon  after  rains  as  the  ground  can  be  worked.  The 
field  is  laid  by  about  the  time  the  first  heads  are  tied.  The  favorite 
tools  for  cultivation  are  the  five-toothed  cultivator  while  the  plants  are 

*New  York  State    (Geneva)    Bui.  265,  p.  22& 
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small  and  the  cultivation  may  be  somewhat  deeper,  and  the  13-toothed  as 
shallower  cultivation  becomes  necessary,  owing  to  the  danger  of  damag- 
ing the  roots. 


TYING 

A  perfect  head  of  cauH- 
flower  is  pure,  dazzling 
white,  and  this  condition  can 
be  secured  only  by  protect- 
ing the  head  from  the  sun. 
Exposure  of  only  a  day  or 
two  to  sunlight  will  cause 
the  head  to  brown  some- 
what, and  no  method  of 
blanching  will  then  restore 
it.  While  the  head  is  a 
mere  button  it  is  fully  pro- 
tected by  the  small  inner 
leaves, .  which  curl  snugly 
over  it;  but  by  the  time  it 
leaves   begin   to   lift   and   some 


Fig. 


106.  Leaves  twisted  together  and  skewered 
to  protect  head. 


Fig.  107.    Head   tied  with  straw  band. 


has  reached  the  size  of  a  teacup  these 
artificial  means  of  covering  becomes 
necessary.  The  simplest  manner 
of  protecting  the  head  is  to  break 
over  the  upper  half  of  a  few  of 
the  large  leaves,  but  these  are 
likely  to  be  misplaced  by  the  wind, 
and  are  not  very  effective  protec- 
tion from  rains.  A  more  secure 
protection  is  afforded  if  two 
leaves  are  brought  together  over 
the  broken  ones,  twisted  and 
tucked  under  so  as  to  bind  all  in 
place  (Fig.  106).  Since  such  a 
tie  is  troublesome  to  make  on 
some  plants,  and  the  leaves  arc 
likely  to  tear  and  give  way  either 
during  the  operation  or  before  the 
head  is  ready  to  cut,  most  grow- 
ers prefer  to  use  string  or  other 
tying  material.      Common  cotton 


twine  does  very  well  for  tying,  although  straw  and  raffia  are  more  fre- 
quently used.     Straw  bands  of  four  or  five  rye  straws,  are  secured  by 
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twisting  the  ends  together  and  tucking  them  under  the  band.     Many 
find  it  helpful  to  use  a  different  material  each   day   for   several   days, 

so  that  later  when  cutting  the 
heads  those  which  have  been 
tied  longest  may  be  singled 
out  instantly.  Another  way 
of  marking  for  identification 
is  to  tie  in  a  dead  leaf ;  or  on 
a  given  day  the  ends  of  the 
straw  bands  are  tucked  un- 
der so  that  they  will  point 
downward,  and  the  next  time 
the  ends  are  directed  up- 
ward. The  last  tie  is  shown 
in  Fig.  107,  and  the  head, 
which  is  ready  for  cutting,  in 
Fig.  108. 

The  manner  of  tying  is 
well  shown  in  Fig.  109.  The 
workman,  stooping  low. 
gathers  up  in  a  great  armful 
the  large  outer  leaves,  draw- 
ing them  up  about  the  head  s*> 
as  completely  to  exclude  the 
sunlight,  and  presses  them  against  his  knees  while  he  secures  the  top. 
The  length  of  time  necessary  for  the  development  of  the  head  after 
tying  depends  mainly  upon  the  weather.  In  the  hotter  part  of  the  sea- 
son, when  the  plants  are  growing 
rapidly,  two  or  three  days  will  suf- 
fice, but  as  autumn  advances  as 
many  as  eight  to  twelve  days  will  be 
required.  If  left  too  long  during 
warm  weather  the  leaves  decay  and 
discolor  the  head;  or,  as  more  fre- 
quently happens  in  cooler  weather, 
the  heads  begin  to  push  up  their 
flower  ^stalks,  and  assume  a  riced 
and  branchy  condition  that  renders 
them  worthless,  unless  for  pickling. 

Examination  must  therefore  be  made 

J  -1     •     xt-  1  J.     £  ^i^  Fig.  1 09.    Tying  with  straw  band. 

daily  in  the  early  part  of  the  season,  ^       "^   ^ 

and  cutting  done  promptly,  or  much  loss  will  ensue.    In  cutting  it  is  sel- 
dom necessary  to  examine  more  than  an  occasional  head,  for  the  plants  of 
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any  particular  day's  tying  will  be  ready  about  the  same  time.  However, 
when  examination  shows  that  the  heads  are  developing  very  unevenly, 
it  becomes  necessary  to  pry  open  the  leaves  of  every  head.  All  heads 
showing  signs  of  pushing  up  flower  stalks  should  be  cut  at  once,  regard- 
less of  size. 

cutting  and  trimming 

Cutting  is  most  conveniently  done  with  a  large  butcher  knife,  which 
also  serves  for  trimming.  The  heads  are  seldom  frimmed  in  the  field,  but 
merely  severed  at  the  base  and  loaded  upon  a  wagon  to  be  hauled  to 


Fig.  1 10.     Cutting  and  hauling  to  packing  house, 

the  packing-house  (Fig.  no).  The  heads  are  thus  protected  from  in- 
jury in  the  field.  In  the  figure  the  man  who  is  cutting  is  in  the  act  of 
tossing  a  head  to  the  man  on  the  wagon. 

Trimming  the  heads  is  done  at  the  cauliflower  house,  with  one  of 
which  nearly  every  grower  is  provided.  The  typical  form  is  shown  in 
Fig.  Ill,  and  consists  of  a  shed  wide  enough  to '  accommodate  deep 
shelves  (three  decks)  on  either  side  of  a  wagon  passage  through  the 
center.  Doors  are  provided  at  each  end  large  enough  to  admit  a  wagon. 
The  dimensions  of  the  house  shown,  which  is  somewhat  above  average 
size,  are  22  by  44  feet.  The  house  in  Fig.  112  is  26  by  32  feet,  and  10 
feet  to  the  eaves.  A  very  convenient  size  for  most  growers  is  22  by 
32  feet.  The  house  is  used  not  only  as  a  place  for  trimming  and  packing, 
but  also  for  storing,  which  will  be  discussed  later.  The  wagon  loaded 
with  cauliflowers,  then,  is  driven  into  the  house,  and  the  heads  trimmed 
on  the  wagon.    The  trimmings  thus  f^ll  back  into  the  wagon  box,  and 
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are  hauled  out  to  the  field  forthwith,  where  they  are  spread  for  the 
turning  under.  The  growers  consider  these  leaves  of  considerable  value 
as  a  soil  improver.    They  are  also  valuable,  of  course,  as  stock  feed. 


Fig.  III.    Cauliflower  house,  22x44  f^^t. 

The  operation  of  trimming  is  shown  in  Fig.  112.  A  single  stroke 
of  the  knife  severs  the  upper  half  of  the  leaves  and  exposes  the  head, 
and  a  few  more  chopping  blows  trim  the  leaf  stubs  down  to  the  proper 
length.     It  takes  some  skill  to  perform  the  operation  rapidly  without 


Fig.  112.     Trimming  on  the  wagon. 

damaging  the  heads.  After  trimming,  some  turn  the  head  upside  down 
and  rap  the  butt  sharply  with  the  handle  of  the  knife  to  knock  out  dust 
and  dirt  that  may  have  lodged  in  the  head. 
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Three  different  kinds  of  trimming  are  recognized,  viz.,  long,,  medium, 
and  short.  In  the  long  trim  the  stubs  of  the  leaves  are  left  projecting 
about  two  inches  beyond  the  crown  of  the  head,  thus  providing  a 
good  deal  of  protection  in  shipment  (Fig.  113).  This  is  the  best  style 
for  long  shipments,  as  the  snow-white  heads  are  easily  disfigured  by 
bruises.     Even  drawing  the  finger  heavily  across  a  head  will  cause  a 


Fig.  113.    Long  trim. 

brown  discoloration  to  appear  in  a  few  hours.  This  trim,  however, 
means  fewer  heads  to  the  barrel,  and  the  price  per  barrel  is  always  less 
on  the  New  York  market  than  for  the  other  kinds.  The  medium  trim, 
which  is  the  one  most  commonly  employed,  leaves  the  stubs  just  flush 
with  the  crown  (Fig.  114,  and  cut  on  front  cover).  The  head  is  not  so 
well  protected,  but  sufficiently  so  for  short  hauls,  and  the  increased 
number  of  heads  in  a  barrel  better  contents  the  trade.    There  is  a  little 


Fig.  114.    Medium  trim. 

too  much  leafage  about  the  long-trimmed  heads.  The  short  trim  leaves 
the  head  much  exposed,  the  stubs  reaching  only  to  the  edge  or  limb  of  the 
head.  It  gives  greatest  economy  of  space  in  packing,  but  the  danger  of 
bruising  and  defacement  is  rather  too  great,  especially  as  such  a  trim 
brings  no  premium  in  the  market. 

As  the  heads  are  trimmed  they. are  laid  one  deep  on  the  shelves  at 
the  sides  of  the  packing  house.    This  is  the  duty  of  the  man  standing 
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by  the  wagon  in  Fig.  112.    Trimmed  cauliflowers  ready  for  packing  are 
seen  on  the  shelves  in  Fig.  115. 

If  the  heads  are  to  be  papered  this  is  frequently  done  as  they  are 
placed  on  the  ^shelves,  but  some  defer  it  till  the  time  of  packing.  It 
keeps  out  dirt  and  prevents  rubbing  in  the  interim,  and  saves  time  in 


Fig.  115.    Interior  of  a  cauliflower  house. 

the  rush  of  packing.  The  papers  used  are  about  eight  inches  square, 
of  some  cheap  material  like  newspaper  stock,  and  are  tucked  inside  the 
leaves  around  the  edges  of  the  head.  Besides  the  protection  they  afford 
they  improve  the  appearance  of  the  pack. 


PACKING 

During  the  warmer  part  of  the  season  it  is  necessary  to  defer  pack- 
ing till  the  last  moment,  or  the  cauliflowers  arrive  on  the  market  in  bad 
condition.  As  the  cauliflower  *'  special  '*  leaves  the  east  end  of  the  Island 
early  in  the  forenoon,  it  is  the  custom  of  growers  to  cut  the  heads  one 
day,  trim  and  leave  on  the  shelves  till  the  next  morning,  then  pack  very 
early  and  hurry  off  to  the  depot. 

Barrels  are  used  almost  exclusively  for  packing  cauliflowers,  and 
these  are  obtained  at  second-hand  in  large  quantities  from  New  York. 
Flour-barrels  are  most  desirable  because  of  their  strength,  and  are  com- 
monly obtained  at  about  twenty-four  cents  each.  Apple-barrels,  costing 
eighteen  cents  each,  are  found  satisfactory  and  freely  employed. 
The    barrels    are    returned    by    the    railroad     company,    but    losses 
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are  frequent.  Southern  slat  barrels,  so  largely  employed  by  southern 
truckers  for  shipments  north,  are  also  freely  used,  and  can  be  had 
for  twelve  cents  each,  or  eleven  cents  if  bought  in  the  spring.  They 
are  not  returnable.  The  barrel,  while  convenient,  is  not  an  ideal  package, 
as  too  much  weight  is  brought  on  the  bottom  layers,  and  examination  by 
the  purchaser  is  too  difficult.  Ventilation  in  the  flour-barrels,  further- 
more, is  none  too  good,  even  when  the  customary  holes  are  chopped  in 
the  sides.  The  60-  and  48-quart  crates  overcome  these  objections,  and 
appeal  more  to  the  small  consumer  and  fancy  trade,  but  though  tried  in  a 
small  way  by.  a  few  growers,  they  have  made  little  headway.  The  barrel 
is  likely  to  remain  the  most  popular  package,  because  cheaper  than  crates, 
makes  easier  the  sale  of  inferior  stock,  and  is  the  package  to  which  the 
market  is  accustomed  and  partial.  It  is  not  unlikely,  however,  that 
crates  will  find  a  growing  use  in  the  fancy  trade,  especially  at  seasons 
of  the  year  when  cauliflowers  are  high. 

Packing  is  a  simple  though  back-tiring  operation,  the  usual  method 
being  to  lay  the  heads,  after  papering,  right  side  up  and  as  snugly  as 
possible  in  the  barrel,  making  the 


Fig.  116. 


Barrel-pack, 
place. 


First  layer  in 


butts  of  each  successive  layer  rest 
between  the  heads  of  the  preced- 
ing. Fig.  116  shows  the  beginning 
of  the  pack,  three  heads  in  this 
case  being  sufficient  for  the  first 
layer.  It  takes  18  to  20  heads  of 
this  size  to  fill  a  barrel,  the  barrel 
being  crowned  up  six  to  eight 
inches  above  the  top,  and  covered 
by  tacking  on  burlap,  fertilizer 
bagging,  or  similar  material.  Bar- 
rels containing  20  to  25  heads  ::  1 
most  readily  on  the  New  York 
market,  and  25  to  30  is  just  about  as  good.  When  they  run  less  than 
20  to  the  barrel  the  retailers  have  to  charge  a  little  more  per  head  to 
make  the  customary  profit  per  barrel ;  this  is  likely  to  retard  sales,  and 
the  trade  therefore  balks  somewhat  at  large  heads.  Barrels  running  13 
to  16  heads,  however  fancy,  do  not  meet  with  very  ready  sale  in  the 
wholesale  market. 

Grading  according  to  size  is  not  given  very  close  attention,  though 
most  growers  find  it  advantageous  to  have  each  package  fairly  uniform. 
One  grower  at  least  has  tried  marking  on  the  package  the  number  of 
heads  in  each,  as  is  done  with  oranges,  and  fancied  it  paid  to  do  so  when 
prices  were  high,  but  during  the  season  of  heavy  shipments  it  seemed 
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to  make  no  difference  at  all.  Grading  for  quality  consists  merely  in  dis- 
carding diseased,  riced,  or  mutilated  heads,  and  is  given  adequate  at- 
tention by  almost  all  the  growers. 

STORING 

Storing  cauliflowers  is  not  feasible,  for  growers  at  least,  except  in  cold 
weather.  Cauliflowers  are  difficult  to  hold  in  any  ordinary  storage  dur- 
ing warm  weather,  and  at  such  seasons  the  growers  aim  to  get  them  off 
as  quickly  as  possible.  Cellar  storage  is  not  satisfactory  at  any  time, 
as  the  heads  gather  moisture  and  quickly  mold  and  decay.  The  cauli- 
flowers must  have  a  rather  dry  air,  and  free  ventilation.  With  most 
growers  storage  is  employed  largely  as  a  last  resort,  to  save  that  part 
of  the  crop  which  would  otherwise  be  a  total  loss.  As  long  as  heavy 
frosts  or  downright  freezing  weather  holds  off,  the  cauliflowers  are  cut 
and  marketed  in  the  way  just  described,  for  they^endure  considerable 
frost  without  injury.  About  December  first,  however,  damage  by  freez- 
ing is  imminent,  and  everything  must  be  got  in.  At  that  time  there  are 
usually  many  belated  plants  having  heads  only  two,  three  or  four  inches 
in  diameter.  These  are  far  from  a  loss,  for  they  will  often  double  in 
size  in  storage,  and  keep  much  longer  than  heads  nearly  full  grown.  In- 
stead of  cutting  in  the  ordinary  manner  these  plants  are  severed  with 
a  hoe  just  below  the  surface  of  the  ground,  and  are  placed  upright,  with- 
out untying,  on  the  dirt  floor  of  the  cauliflower  house.  The  largest 
heads,  which  will  be  ready  for  marketing  as  soon  as  the  prices  warrant, 
may  be  placed  upon  the  shelves,  but  the  smallest,  destined  for  long  keep- 
ing, are  placed  on  the  ground.  The  house  when  filled  is  tightly  closed, 
and  in  severe  weather  a  small  stove  must  be  employed  to  prevent  freez- 
ing. A  few  degrees  of  frost  will  do  no  harm  further  than  yellowing  the 
outer  leaves,  but  freezing  of  the  head  itself  ruins  it.  Ventilation  must 
be  given  freely  for  several  days  after  the  heads  have  been  put  in  the 
house,  and  thereafter  as  often  as  necessary  to  keep  the  heads  from 
sweating.    On  mild  days  some  air  will  nearly  always  be  required. 

YIELDS,    PRICES,    AND   PROFITS 

The  average  yield  of  cauliflowers  per  acre  among  thirty-four  average 
growers  in  1908  was  11 1.4  barrels.  The  highest  yield  reported  was  200 
barrels,  and  this  was  obtained  by  two  growers.  The  next  best  yields  were 
160  barrels,  reported  by  one  grower,  and  150,  reported  by  four.  Two 
growers  selling  to  the  pickling  station  gave  the  yield  per  acre  as  ten  and 
six  and  one-third  tons  respectively.  Good  growers  expect  to  get  at  least 
150  barrels  to  the  acre  in  an  average  season. 
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The  price  per  barrel  realized  varies  through  a  wide  range,  depending 
upon  the  time  of  the  year  and  the  crop.  In  early  summer  the  price  is 
usually  $3.50  to  $4.00,  falling  to  a  minimum  of  perhaps  sixty  or  seventy 
cents  in  October,  and  again  mounting  to  a  fancy  price  during  the  Christ- 
mas holidays  and  after,  when  $5.00  to  $6.00  is  frequently  realized.  The 
prices  received  by  the  thirty-four  growers  above  mentioned  during  the 
season  6f  1908  show  an  average  price  of  93.3  cents  per  barrel,  or  a  gross 
return  per  acre,  if  we  assume  11 1.4  barrels  as  the  average  yield,  of 
$103.94.  This  figure,  however,  as  a  matter  of  fact  does  not  represent 
anything  like  the  average  returns  from  this  crop.  It  was  the  tendency 
of  most  growers  when  interviewed  to  understate  both  yields  and  prices, 
basing  their  answers  on  the  less  pleasant  portion  of  their  experience ;  for 
it  is  safe  to  say  that  a  return  of  $200.00  an  acre  is  much  nearer  the  mark 
for  the  average  grower  in  an  ordinary  season. 

The  expense  per  acre  of  growing  the  crop  is  approximately  as  follows : 

Moderate  Liberal 

Rent  of  land  ($i75-$200  per  acre) $15  00  $15  00 

Plowing  and  harrowing 200  300 

Seed,  2-3  oz 2  00  3  00 

Seed-bed  (labor  and  fertilizer) 2  00  2  50 

Marking  field  and  applying  fertilizer 2  00  2  50 

Fertilizer    (1,500-2,000    lbs.) 22  50  30  00 

Setting  out  plants 2  50  3  50 

Cultivation  (about  six  times) 400  500 

Interest  and  depreciation  on  tools 2  00  6  00 

Tying  and  harvesting 20  00  25  00 

Packing,  barrels,  papers,  nails  and  covers . .  20  00  30  00 

Hauling  to  station 200  400 

Total $96  00      $129  so 


shipping  conditions 

The  bulk  of  the  cauliflower  crop  is  moved  by  fast  freight,  the 
railroad  providing  a  special  train  as  long  as  the  volume  of  business 
seems  to  warrant.  The  train  is  usually  put  on  about  September 
20th,  and  continued  until  a  few  days  before  Christmas.  Last  year 
(1909)  the  crop  came  on  earlier  than  usual,  and  the  train  was  put  on 
September  i6th,  which  is  the  earliest  yet.  Shipments  by  the  Cauliflower 
Association  began  September  2d,  in  refrigerator  cars,  and  twenty-one 
cars  were  sent  to  the  New  York  market  before  the  i6th,  when  the  "  Cauli- 
flower Special "  went  on.  This  train  leaves  Greenport,  the  eastern  termi- 
nus, about  seven  in  the  morning,  loading  at  every  station  to  an(L4nclud-T 
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ing  Calverton,  from  which  a  through  run  is  made  to  New  York.  The 
train  leaves  Calverton  between  i  and  2  p.  m.,  and  reaches  Flatbush 
avenue  between  six  and  seven.  During  the  night  the  barrels  are  truckec 
to  the  consignee  in  the  city^  and  go  on  sale  early  in  the  morning. 

The  largest  shipment  yet  made  in  a  single  day  was  forty-two  cars 
and  thirty  or  more  cars  a  day  is  reached  several  times  each  season 
A  car  holds  two  hundred  to  three  hundred  barrels,  though  the 
latter  number  is  too  large  in  the  earlier  part  of  the  season,  the  upper  tieri 
being  likely  to  over  heat.  The  barrels  are  laid  on  the  side,  as  stackins 
on  end  would  crush  the  contents.  The  largest  shipment  in  a  sini^k 
day  from  the  town  of  Southold,  which  is  in  the  heart  of  the  late  cauli 
flower  section,  was  1,506  barrels,  made  on  October  26,  1909.  The  total 
volume  of  business  for  the  last  few  years  is  given  under  the  discussion  of 
the  Cauliflower  Association. 

THE  LONG   ISLAND   CAULIFLOWER  ASSOCIATION 

The  present  stability  of  the  cauliflower  industry  on  Long  Island  i? 
due  very  largely  to  the  Long  Island  Cauliflower  Association,  which 
now  handles  all  but  a  small  fraction  of  the  shipments  from  the  east  end. 
and  quite  dominates  the  situation.  Before  its  inception  in  1901,  the 
growers  constantly  worked  at  cross  purposes,  shipping  without  adequate 
knowledge  of  market  conditions,  suffering  frequently  from  gluts,  and 
falling  an  easy  prey  to  speculators.  To  abolish  these  evils  a  co-operative 
society  was  formed  among  the  growers  in  1901  under  the  leadership  of 
Mr.  J.  M.  Lupton  of  Mattituck.  In  1903  the  Association  was  incorpc- 
rated  with  a  capitalization  of  $10,000,  and  shares  of  stock  issued  at  a  par 
value  of  $5.  Small  at  first,  the  organization  has  gradually  grown  t.» 
include  a  large  majority  of  the  growers,  and  to  handle  the  shipments  0: 
most  of  those  who  are  not  members.  It  has  done  away  with  the  dis- 
tressing conditions  of  earlier  days,  and  in  every  way  proved  highl;. 
advantageous  to  the  industry.  In  the  single  matter  of  preventing  over- 
stocking of  the  New  York  and  Brooklyn  markets,  it  has  quite  justified 
its  existence.  Formerly,  when  the  growers  were  shipping  as  individual-, 
scarcely  a  barrel  went  to  outside  markets,  as  refrigerator  cars  were 
required  for  this  during  most  of  the  season,  and  at  all  times  the  f  reign: 
on  less  than  car  lots  was  prohibitive;  but  last  year  the  Association 
loaded  258  cars  for  outside  markets,  making  a  total  of  over  50,00 
barrels  diverted  from  a  well  stocked  and  falling  market,  and  undoubtedl'. 
preventing  heavy  slumps  in  prices.  In  1908,  25,000  barrels  were  sent  t 
cities  outside  New  York,  including  Philadelphia,  Cincinnati,  Chicago  and 
St.  Louis. 
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The  1,216  shares  of  stock  now  outstanding  are  held  by  about  425 
persons,  all  growers  or  formerly  so,  some  15  per  cent,  now  having  ceased 
to  grow  the  crop.  Dividends  ranging  from  five  to  ten  per  cent,  have 
been  declared  annually  since  1905,  and  stock  is  above  par,  what  little 
changes  hands  bringing  between  $6  and  $7.  Last  year  the  Association 
erected  an  office  and  storage  building  at  Riverhead,  the  headquarters,  at 
a  cost  of  $7,000.  Half  the  building  is  rented  and  the  remainder,  aside 
from  office  room,  is  devoted  to  the  storage  of  empty  barrels.  No  cauli- 
flowers are  stored  by  the  Association.  The  treasurer's  report  for  last 
year  shows  a  balance  on  hand  of  $16,155.47,  counting  the  new  building 
at  cost. 

The  Association  ships  nothing  but  cauliflowers,  and  buys  no  supplies 
except  seed,  barrels,  covers,  wrapping  papers,  and  tacks,  which  are 
sold  to  members  at  a  slight  advance  over  cost.  The  seed,  which  is  the 
very  best,  is  sold  at  $1  an  ounce,  which  is  much  less  than  a  similar  grade 
can  be  bought  for  elsewhere.  Last  year  the  Association  bought  and 
delivered  141,751  barrels,  costing  $17,117.49,  making  a  profit  of  one- 
third  of  a  cent  on  each  barrel.  Not  many  covers  (squares  of  second- 
hand burlap  24x24  inches)  are  sold,  as  the  growers  commonly  have 
enough  fertilizer  bagging  and  similar  material  for  the  purpose.  The 
price  is  $15  a  thousand.  Wrapping  papers  are  sold  at  about  three  cents 
a  pound. 

A  considerable  volume  of  business  is  now  done  annually  by  the  Asso^ 
ciation.  Last  year  it  handled  227,144  packages,  which  exceeded  the 
previous  highwater  mark  (1905)  by  82,508.  The  following  table  shows 
the  cauliflower  shipments  of  this  section  for  the  last  eleven  years,  and 
the  notable  increase  in  volume  since  the  Cauliflower  Association  began 
business. 

Shipments  of  cauliflowers  on  the  Long  Island  Railroad  from  eastern 
Long  Island,  1899-1909. 


year. 

1899. 

1900. 

1901. 

1903. 

1903. 

1904. 

1905. 

1906. 

1907. 

1908. 

1909. 

September 

October 

November 

December 

Pack- 
ages. 
1,590 

35.403 

33,504 

5,986 

Pack- 
.ages. 
3.136 

34,800 

31.734 

i,St6 

Pack- 
ages. 
5.193 

40,130 
35,133 

1,555 

Pack- 
ages. 
9.334 

51,975 

36,382 

5,747 

Pack- 
ages. 
10,808 

65.167 

37,712 

81 

Pack- 
ages. 

n,zn 

69.348 

31,870 

1.332 

Pack- 
ages. 
31,501 

75,638 

46,669 

828 

Pack- 
None 
35,506 
33,947 

I,300 

Pack- 
ages. 
6,709 

70,363 

55,101 

4.705 

Pack- 
ages. 
13,994 

99.641 

39,975 

None 

Pack- 
ages. 
46,935 

67,654 

81,095 

31,470 

Totals 

75.483,51,16681,989 

103,338  103,768 

1 

119,8671144.63669,653 

136,968.143.610 

227.144 
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The  Association  now  has  receiving  stations  at  Southold,  Peconic, 
Cutchogue,  Mattituck,  Laurel,  Jamesport,  Aquebogue,  Riverhead,  Cal- 
verton,  Manorville,  Wading  River,  Shoreham,  Miller  Place,  and  Port 
Jefferson.  The  heaviest  shipments  of  early  cauliflowers  come  from 
Riverhead  and  Calverton,  but  Southold  leads  the  rest  in  the  late  crop. 

The  expenses  of  the  Association  are  met,  and  annual  dividends  made 
possible,  by  revenue  from  several  sources.  The  chief  source  of  profit 
arises  from  the  reduction  in  freight  effected  by  the  organization.  The 
regular  rate  per  barrel  to  New  York  is  twenty  cents;  but  carload  lots 
from  one  consignor  to  one  consignee  obtain  the  more  favorable  rate  of 
fourteen  cents,  and  this  difference  is  retained  by  the  Association.  The 
cars  are  consigned  to  the  Association  agent  at  Bush  wick,  who  opens 
them  and  delivers  the  barrels  to  the  various  commission  men  accord- 
ing to  the  marks.  It  may  be  said  in  passing  that  no  shipments  to  markets 
outside  of  New  York  are  consigned ;  the  car  must  be  sold  before  it  leaves 
the  receiving  station.  If  the  crop  comes  on  so  fast  that  even  outside 
markets  cannot  take  care  of  it,  it  is  turned  over  to  the  pickling  factories. 
Some  income  is  also  derived  from  brokerage  charges  on  shipments  to  out- 
side markets,  a  charge  of  fifty  cents  per  acre  to  non-members  for  han- 
dling their  crop,  rental  of  a  part  of  the  Association  building,  and  profit 
on  supplies  sold. 

The  earnings  and  expenses  of  the  Association  last  year  (1909)  were 
reported  by  Mr.  H.  R.  Conkling,  the  manager,  as  follows: 

Earnings, 

From  Flatbush $5,206  29 

Refrigerators 428  96 

Overs    1,174  25 

Shipping  privileges    44  25 

Seed 133  32 

Barrels  and  other  sources 644  57 


Expenses, 

Stations $2,668  99 

Shorts    1,880  50 

Rent,  taxes,  telephone  and  telegrams 33X  68 

Postage,  stationery,  advertising  and  incidentals. . .  275  89 

Directors'  expenses   247  71 

Manager  and  expenses  1,290  00 

Leaving  net  earnings  of 936  87 


$7,631  64 


$7,631   64 
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The  "  Cauliflower  Special  '*  arrives  at  Bush  wick  Station,  Brooklyn, 
between  6  and  8  p.  m.,  unless  there  are  unusual  delays.  Meanwhile  the 
manifests  have  been  forwarded  from  the  loading  stations  to  the  Associ- 
ation consignee,  who  makes  out  a  preliminary  bill  to  each  commission 
man  to  enable  the  latter  to  arrange  for  trucking.  Unloading  begins  as 
soon  as  the  train  is  in,  but  truckers  are  not  allowed  to  remove  the  barrels 
from  the  warehouse  till  9  p.  m.  This  gives  the  consignees  a  more  even 
chance  in  getting  the  goods  to  the  market,  saves  confusion  in  the  ware- 
house, and  gives  time  to  make  out  the  freight  bills,  which  accompany  the 
truck  loads.  The  Association  pays  the  freight  and  charges  it  to  the 
commission  men,  who  deduct  this  and  cartage  from  the  remittance  to 
the  grower. 

A  bulletin  is  issued  each  night  by  the  Association  consignee  giv- 
ing a  complete  list  of  the  commission  men  who  have  consignments 
that  day,  and  the  number  of  barrels,  crates  or  bags  consigned  to  each. 
These  are  used  by  the  commission  men  in  fixing  prices  for  the  next 
day.  On  October  5,  1910,  for  example,  there  were  2,162  packages  dis- 
tributed among  38  consignees.  The  largest  number  of  packages  going 
to  one  consignee  was  207. 

The  office  at  Bushwick  undertakes,  when  growers  fail  to  receive 
a  remittance,  to  collect  from  the  commission  men,  using  the  records  of 
the  office  to  substantiate  claims.  The  Association  has  been  of  a  good 
deal  of  service  to  the  growers  in  this  way. 

The  Cauliflower  Association  is  unquestionably  a  success,  and  well 
worthy  of  being  copied  by  farmers  in  other  sections  of  the  state ;  never- 
theless, difficulties  and  criticisms  have  arisen,  and  for  intending  organ- 
izers these  are  worth  scrutinizing.  One  constant  source  of  trouble  and 
loss  to  the  Association  is  the  matter  of  "  overs  "  and  "  shorts.'*  Scarcely 
a  day  passes  during  the  shipping  season  without  some  commission  men 
receiving  more  packages  than  entitled  to  by  the  manifest,  while  others 
fail  to  get  as  many  as  they  should.  The  surplus  packages  are  called 
**overs,''  and  those  undelivered,  ''  shorts."  Such  a  condition  easily  arises 
through  mistake,  carelessness,  or  trickery.  The  shipping  tags  may  be 
torn  from  the  barrels  in  transit  perhaps  because  insecurely  attached ;  bar- 
rels may  be  stolen  or  broken  open  in  transit;  or  truckers  at  Bushwick 
may  get  hold  of  the  wrong  barrels  through  mistake  or  reckless  haste. 
A  dishonest  grower  will  sometimes  pack  a  barrel  or  two  of  culls  and 
smuggle  them  in  unmarked  with  a  load  of  good  barrels,  trusting  to  the 
hurry  and  confusion  at  the  loading  station  to  get  them  into 
the  car  without  the  agent  noticing  that  they  are  not  marked.  When 
these  arrive  at  New  York  some  dealer  gets  them  as  "  overs,"  finds  them 
almost  worthless,  and  sells  them  for  a  little  or  nothing.    The  rest  of  the 
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grower's  consignment  has  meanwhile  sold  for  say  $1.60,  but  his  returns 
from  the  commission  man  show  he  is  two  barrels  short,  so  he  proceed- 
to  collect  from  the  Association  for  two  barrels  at  the  price  for  which 
the  others  sold.  Furthermore,  if  a  certain  grower's  product  sells  at  an 
advance  because  of  its  reputation  with  a  certain  dealer,  and  part  of  it 
goes  to  another  dealer,  or  the  mark  is  lost,  it  brings  less  money,  and 
the  Association  has  to  make  up  the  difference.  Dealers  are  also  tempted 
to  make  false  returns  on  "  overs,"  as  the  packages  can  be  reported  of 
poor  quality  when  not  so,  and  tlie  Association  be  none  the  wiser,  the 
mark  being  unknown.  If  the  Association  could  compel  the  dealer^ 
to  report  the  mark,  when  it  is  present,  on  every  "  over,"  it  could  pro- 
tect itself  to  a  large  extent  from  the  annual  loss  now  met.  Last  year 
the  lost  amounted  to  $706.25,  although  there  were  a  few  more  *'  overs  " 
than  "  shorts."  To  be  exact,  the  Association  collected  $1,174.25  for  1,339 
'"overs,"  but  paid  out  $1,880.50  for  1,321  "  shorts." 

Another  difficulty,  commonly  met  by  all  co-operative  selling  associa- 
tions, is  that  members  will  be  tempted  by  a  slight  advance  in  price  to 
sell  to  outside  buyers,  who  continually  hover  about  the  shipping  stations, 
although  the  Association  may  be  hard  pressed  to  fill  its  own  orders. 
Prices  may  actually  have  advanced  since  these  orders  were  taken,  but 
more  often  the  buyer  is  actuated  by  a  desire  to  undermine  the  Associa- 
tion, or  fill  some  special  order,  and  so  meets  the  man  with  a  tempting 
offer  as  he  drives  up  to  the  station;  and  there  are  not  a  few  growers 
who  will  accept  the  temporary  advantage,  well  as  they  know  how^  im- 
portant the  maintenance  of  the  Association  is  to  their  business  and  how 
hurtful  their  act  of  bad  faith. 

Complaint  is  not  infrequently  heard  from  members  of  the  Associa- 
tion about  the  quality  of  the  slat  barrels  furnished.  These  barrels,  indeed, 
though  they  sell  as  low  as  eleven  cents  in  the  spring,  are  frequently 
dear  at  any  price,  for  they  are  very  flimsy  affairs,  and  after  their 
maiden  trip  from  the  South  are  only  fit  for  kindling.  Slat  barrels 
are  now  but  little  used  at  stations  east  of  Jamesport,  and  this  year 
notice  was  sent  out  from  Association  headquarters  that  "  at  River- 
head,  Aquebogue,  and  Jamesport,  if  you  are  not  satisfied  with  the 
barrels  shipped  you,  on  their  arrival  kindly  call  the  attention  of  the 
railroad  agent  to  them,  and  if  possible  he  will  make  adjustment  with 
you."  Such  an  arrangement  could  not  be  conveniently  made  at  other 
stations  further  west  this  year. 

Growers  at  Manorville  complain  that  they  were  not  given  proper 
iced  car  service  previous  to  the  time  the  special  train  was  put  on. 
Though  urged  by  the  manager  to  ship  in  refrigerator  cars,  they  found 
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each  day  on  bringing  the  cauliflowers  to  the  station  that  these  cars 
had  been  nearly  filled  at  Riverhead  and  Calverton,  and  only  enough 
of  the  Manorville  product  was  put  in  to  fill  them,  the  rest  being  sent  by 
express. 

Finally,  some  growers  consider  their  freedom  seriously  infringed 
by  the  new  ruling  of  the  Association  that  "  no  claims  for  shortage  will 
be  considered  on  a  day's  shipment  when  made  to  more  than  two  com- 
mission men."  However,  the  Association  deems  this  necessary  in  order  to 
protect  itself  from  the  losses  on  "  shorts  "  and  "  overs,"  for  the  splitting 
of  shipments  to  the  extent  that  some  carry  it  (a  dozen  barrels  con- 
signed in  driblets  to  four  or  five  commission  men),  greatly  increases  the 
confusion  and  likelihood  of  error  at  the  loading  stations,  and  barrels 
marked  indistinctly  or  not  at  all  easily  slip  through. 

By-Laws  of  the  Long  Island  Cauliflower  Association. 

ARTICLE  I. 
Xeetinrs   of   StooUiolderi. 

Section  i.  The  annual  meeting  of  the  stockholders  of  this  Association  shall 
be  held  at  the  Court  House  in  the  village  of  Riverhead  on  the  second  Saturday 
of  February  of  each  and  every  year,  at  2.30  o'clock  P.  M.,  for  the  electioni  of 
Directors  and  such  other  business  as  may  properly  come  before  the  said  meeting. 
Notice  of  time,  place,  and  object  of  such  meeting  shall  be  given  by  publication 
thereof  at  least  once  in  each  week  for  two  successive  weeks  immediately  preceding 
such  meeting,  in  the  manner  required  by  the  Stock  Corporation  Law,  Section  20, 
and  by  mailing  at  least  five  days  previous  to  sudi  meeting,  postage  prepaid,  a 
copy  of  such  notice  addressed  to  each  stockholder  at  his  residence  or  place  of 
business,  as  the  same  shall  appear  on  the  books  of  the  Corporation. 

§  2.  Special  meetings  of  stockholders,  other  ithan  those  regulated  by  statute, 
may  be  called  at  any  time  by  a  majority  of  the  Directors.  It  shall  also  be  the 
duty  of  the  President  to  call  such  meetings  whenever  requested  in  writing  so  to  do 
by  stockholders  owning  one-tenth  of  shares  issued  of  the  capital  stock.  A  notice 
of  every  special  meeting,  stating  the  time,  place,  -and  object  thereof,  shall  be 
given  by  mailing,  postage  prepaid,  at  least  five  days  before  such  meeting,  a  copy 
of  such  notice  addressed  to  each  stockholder  at  his  postoffice  address  as  the  same 
appears  on  the  books  of  the  corporation. 

§  3-  At  all  meetings  of  stockholders  there  shall  be  present,  either  in  person 
or  by  proxy,  stockholders  owning  one-twentieth  of  the  capital  stock  of  the  corpo- 
ration in  order  to  constitute  a  quorum,  except  at  special  elections  of  Directors, 
pursuant  to  Section  25  of  the  General  Corporation  Law. 

§  4.  At  all  annual  meetings  of  stockholders  the  right  of  any  stockholder  .to 
vote  shall  be  governed  and  determined  as  prescribed  in  the  General  Corporation 
Law,  Sections  20,  21,  and  22. 

§  5-  ,  If  for  any  reason  the  annual  meeting  of  stockholders  shall  not  be  held 
as  hereinbefore  provided,  such  annual  meeting  shall  be  called  and  conducted  as 
prescribed  in  the  General  Corporation  Law,  Sections  24,  25,  and  26. 

§  6.  At  all  meetings  of  stockholders  only  such  persons  shall  be  entitled  to 
/ote  in  person  and  by  proxy  who  appears  as  stockholders  upon  the  trails fer  books 
of  the  corporation  for  ten  days  immediately  preceding  such  meetings. 

§  7.  At  the  annual  meetings  of  stockholders  the  following  shall  be  the  order 
of  business,  viz: 

1.  Calling  the  roll. 

2.  Proof  of  proper  notice  of  meeting. 

3.  Report  of  President 

4.  Report  of  Treasurer.  ^  j 
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5.  Report  of  Secretary. 

6.  Report  of  Manager. 

7.  Reports  of  Committees. 

8.  Election  of  Directors  and  Inspectors  of  Election. 

9.  Miscellaneous  business. 

§  8.  At  all  meetings  of  stockholders  all  questions  except  the  question  of 
amendment  to  the  by-laws  and  the  election  of  Directors  and  Inspectors  of  Election. 
and  all  such  other  questions  the  manner  of  deciding  which  is  specially  reg^ulated 
by  statute,  shall  be  determined  by  a  majority  vote  of  the  stockholders  present  in 
person  or  by  proxy;  provided,  however,  that  any  qualified  voter  may  demand  a 
stock  vote,  and  in  that  case  such  stock  vote  shall  immediately  be  taken,  and  each 
stockholder  present,  in  person  or  by  proxy,  shall  be  entitled  to  one  vote  for  each 
share  of  stock  owned  by  him.  All  voting  shall  be  viva  voce,  except  that  a  stock 
vote  shall  be  by  ballot,  each  of  which  shall  state  the  name  of  the  stockholder 
voting  and  the  number  of  shares  owned  by  him,  and  in  addition  if  such  ballot  be 
cast  by  proxy  it  shall  also  state  the  name  of  such  proxy. 

i  9.  At  special  meetings  of  stockholders  the  provisions  of  Sections  20,  21,  22, 
25,  and  26  of  the  General  Corporation  Law  shall  apply  to  all  casting  of  all  votes. 

ARTICLE  II. 
Direoton. 

Section  i.  The  Directors  of  this  corporation  shall  be  elected  by  ballot,  for 
the  term  of  one  year,  af  the  annual  meeting  of  stockholders,  except  as  hereinafter 
otherwise  provided  for  filling  vacancies.  The  Directors  shall  be  chosen  by  a 
plurality  of  the  votes  of  the  stockholders,  voting  either  in  person  or  by  proxy,  at 
such  annual  election  as  provided  by  Section  20  of  the  Stock  Corporation  Law. 

§  2.  The  Directors  shall  be  chosen  from  different  sections  so  that  stockholder? 
tributary  to  any  railroad  station,  who  are  owners  of  fifty  or  more  shares  of  stock, 
rfiall  have  one  representative  on  the  Board  of  Directors. 

§  3.  Vacancies  in  the  Board  of  Directors,  occurring  during  the  year,  shall  be 
filled  for  the  unexpired  term  by  a  majority  vote  of  the  remaining  Directors  at  any 
special  meeting  called  for  that  purpose,  or  any  regular  meeting  of  the  Board. 

§  4.  In  case  the  entire  Board  of  Directors  shall  die  or  resign,  any  stockholder 
may  call  a  special  meeting  in  the  same  manner  that  the  President  may  call  such 
meetings,  and  Directors  for  the  unexpired  term  may  be  elected  at  such  spedal 
meeting  in  the  manner  provided  for  their  election  at  annual  meetings. 

§  5.  The  Board  of  Directors  may  adopt  such  rules  and  regulations  for  the 
conduct  of  their  meetings  and  management  of  the  affairs  of  the  corporation  as 
they  may  deem  proper,  not  inconsistent  with  the  laws  of  the  State  of  New  York, 
or  these  by-laws. 

§  6.  The  Directors  shall  meet  for  organization  within  ten  days  after  their 
election  upon  the  call  and  at  a  place  designated  by  the  retiring  President,  and 
whenever  called  together  by  the  President  upon  due  notice  given  to  each  Director. 
On  the  written  request  of  any  three  Directors  the  Secretary  shall  call  a  special 
meeting  of  the  Board. 

§  7.    All  Committees  shall  be  appointed  by  the  Board  of  Directors. 

§  8.  The  Directors  shall  be  paid.  For  every  and  each  meeting  of  the  Board 
that  a  Director  attends  he  shall  be  entitled  to  $2.00  and  a  mileage  of  three  cents 
a  mile  for  each  mile  that  he  travels  to  attend  a  meeting  of  the  Board. 

ARTICLE  III. 
Offlcen. 

Section  i.  The  Board  of  Directors,  at  the  first  meeting  of  the  Board  after 
the  annual  meeting,  shall  choose  one  of  their  number  by  a  majority  vote  to  be 
President,  and  shall  also  choose  a  Vice  President,  Secretary,  and  Treasurer.  Each 
of  such  officers  shall  serve  for  the  term  of  one  year,  or  until  the  next  annual 
election. 

§  2.  The  President  shall  preside  at  all  meetings  of  the  Board  of  Directorf. 
and  shall  act  as  temporary  chairman  at  and  call  to  order  all  meetings  of  the  stoci- 
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holders.  He  shall  sign  certificates  of  stock  and  all  notes,  and  perform  all  the 
duties  incidental  to  his  office. 

S  3.  The  Vice  President  shall,  in  the  absence  or  incapacity  of  the  President, 
perform  the  duties  of  that  officer. 

§  4.  The  Treasurer  shall  have  the  care  and  custody  of  all  the  funds  and 
securities  of  the  corporation;  he  shall  deposit  the  same  in  the  name  of  the  corpo- 
ration in  such  bank  or  banks  or  trust  companies  as  the  Directors  may  elect;  he 
shall  sign  all  notes,  which  shall  be  countersigned  by  the  President;  he  shall  coun- 
tersign all  checks,  drafts,  and  orders  for  the  payment  of  money,  drawn  and 
signed  by  the  Manager;  he  shall  at  all  reasonable  times  exhibit  his  books  and 
accounts  to  any  Director  or  stockholder  of  the  Association  upon  application  during 
business  hours;  he  shall  give  such  bonds  for  the  faithful  performance  of  his 
duties  as  the  Board  of  Directors  may  determine. 

§  5.  The  Secretary  shall  keep  the  minutes  of  the  Board  of  Directors,  and  also 
the  minutes  of  the  meetings  of  the  stockholders;  he  shall  attend  to  the  giving  and 
serving  of  all  notices  of  the  Association ;  he  shall  sign  all  certificates  of  stock 
signed  by  the  President,  and  shall  affix  the  seal  of  the  corporation  to  all  certificates 
when  signed  by  the  President  and  Secretary ;  he  shall  have  charge  of  the  certificate 
book  and  such  other  books  and  papers  as  the  Board  may  direct ;  he  shall  attend  to 
such  correspondence  as  may  be  assigned  to  him,  and  perform  all  the  duties  in- 
cidental to  his  office.  He  shall  also  keep  a  stock  book,  containing  the  names, 
alphabetically  arranged,  of  all  persons  who  are  stockholders  of  the  corporation, 
showing  their  places  of  residence,  the  number  of  shares  of  stock  held  by  them 
respectively,  the  time  when  they  respectively,  became  the  owners  thereof,  and  the 
amount  paid  thereon,  and  such  book  shall  be  open  for  inspection  as  prescribed  by 
Section  29  of  the  Stock  Corporation  Law. 

ARTICLE  IV. 
XanAfement. 

Section  i.  The  Board  of  Directors  shall  choose  a  General  Manager  for  a 
term  of  one  year. 

S  2,  The  General  Manager  shall  sign  and  execute  all  contracts  in  the  name  of 
the  Association  when  authorized  so  to  do  by  the  Board  of  Directors;  he  shall 
draw  all  checks,  drafts,  and  orders  for  the  payment  of  money,  which  shall  be 
countersigned  by  the  Treasurer ;  he  shall  deposit  all  the  funds  in  the  name  of  the 
corporation  in  such  bank,  banks,  or  trust  company  as  the  Directors  may  elect; 
he  shall  appoint  and  discharge  agents  and  employes,  subject  to  the  approval  of  the 
Board  of  Directors.  He  shall  endeavor  to  enter  into  contracts  with  the  railroads 
for  the  transportation  of  cauliflower;  to  enter  into  contracts  for  the  cartage  of 
cauliflower  from  the  railroad  terminus  to  the  market;  to  enter  into  contracts  for 
the  sale  of  caulifloArer  by  sales  agents  or  commission  houses  in  such  manner  and 
in  such  markets  as  may  be  found  desirable;  he  shall  endeavor  to  attain  security 
for  payment,  fair  and  honest  returns,  and  the  best  distribution  of  the  cauliflower 
crop.  He  shall  keep  his  office  open  during  the  shipping  season  to  the  stockholders 
between  the  hours  of  10  to  12  and  6  to  8;  he  shall  at  such  times  furnish  the 
stockholders  with  all  available  information ;  he  shall  employ  a  man  at  each  station 
where  there  are  stockholders  representing  fifty  or  more  shares  of  capital  stock 
of  the  corporation ;  he  shall  keep  a  record  compiled  from  reports  of  the  number 
of  barrels  or  packages  shipped  from  each  station  consigned  to  commission  mer- 
chants or  to  sales  agent  or  agents  with  w^hom  he  has  contracts;  he  shall  be  in 
daily  communication  with  his  markets ;  he  shall  divert  shipments  from  one  market 
to  another  as  occasion  may  require,  but  he  shall  ,  ot  discriminate  in  favor  of  any 
particular  locality  in  directing  shipments;  he  shall  not  market  for  any  stockholder 
but  one  acre  of  cauliflower  for  each  share  owned  by  the  stockholder  except  upon 
the  payment  for  a  shipping  privilege;  he  shall  at  all  reasonable  times  exhibit  his 
books  and  accounts  to  any  Director  of  the  Association  upon  application  at  his  office 
during  business  hours ;  he  shall  have  the  general  management  of  the  affairs  of  the 
corporation  and  perform  all  duties  incidental  to  his  office ;  he  shall  give  such  bonds 
for  the  faithful  performance  of  his  duties  as  the  Board  of  Directors  may  determine. 
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ARTICLE  V. 

Capital  Btook. 

Section  i.  Subscriptions  to  the  capital  stock  must  be  paid  to  the  Treasurer 
at  such  time  or  times,  and  in  such  instalments,  as  the  Board  of  Directors  may  by 
resolution  require.  Any  failure  to  pay  an  instalment  when  required  to  be  paid 
by  the  Board  of  Directors  shall  work  a  forfeiture  of  such  shares  of  stock  in 
arrears,  pursuant  to  Section  43  of  the  Stock  Corporation  Law. 

i  2.  Certificates  of  stock  shall  be  numbered  and  registered  in  the  order  they 
are  issued,  and  shall  be  signed  by  the  President  or  Vice  President  and  by  the  Sec- 
retary or  Treasurer,  and  the  seal  of  the  corporation  shall  be  affixed  thereto.  All 
certificates  shall  be  bound  in  a  book  and  shall  be  issued  in  consecutive  order 
therefrom,  and  in  the  margin  thereof  shall  be  entered  the  name  of  .the  person 
owning  the  shares  therein  represented,  the  number  of  shares,  and  the  date  thereof. 
All  certificates  exchanged  or  returned  to  the  corporation  shall  be  marked  can- 
celed, with  the  date  of  cancellation,  by  the  Secretary,  and  shall  be  immediately 
pasted  in  the  certificate  book  opposite  the  memorandum  of  its  issue. 

§  3.  A  stockholder  shall  offer  his  shares  of  stock  to  the  Board  of  Directors 
at  market  value  before  making  any  transfer  of  his  shares  of  stock. 

§  4.  Transfers  of  shares  shall  only  be  made  upon  the  books  of  the  corporation 
when  the  stockholder  is  not  indebted  to  the  corporation. 

S  5.  Transfers  of  shares  shall  only  be  made  upon  the  books  of  the  corpora- 
tion by  the  holder  in  person  or  by  the  power  of  attorney  duly  executed  and  ac- 
knowledged and  filed  with  the  Secretary  of  the  corporation,  and  on  the  surrender 
of  the  certificate  or  certificates  of  such  shares. 

ARTICLE  VI. 

Dividends. 

Section  i.  Dividends  shall  be  declared  and  paid  out  of  the  surplus  profits  of 
the  corporation  as  often  and  at  such  times  as  the  Board  of  Directors  may  deter- 
mine, and  in  accordance  with  Section  23  of  the  Stock  Corporation  Law. 

ARTICLE   VII. 

Inipectort. 

Section  i.  Two  Inspectors  of  Election  shall  be  elected  at  each  annual  meet- 
ing of  stockholders  to  serve  one  year,  and  if  any  Inspector  shall  refuse  to  serve  or 
shall  not  be  present  the  meeting  may  appoint  an  Inspector  in  his  place. 

ARTICLE  VIII. 

Seal. 

Section  i.  The  seal  of  the  corporation  shall  be  in  .the  form  of  a  circle,  and 
shall  bear  the  name  of  the  corporation  and  the  year  of  its  incorporation. 

ARTICLE  IX. 

Amendmenta. 

Section  i.  These  by-laws  may  be  amended  at  any  stockholders'  meeting  by  a 
vote  of  the  stockholders  owning  a  majority  of  the  stock  represented  either  in 
person  or  by  proxy,  provided  the  proposed  amendment  is  inserted  in  the  notice 
of  such  meeting. 


How  to  Vote. 

The  incorporators  of  the  Long  Island  Cauliflower  Association^  realizing  that  the 
stockholders  of  each  locality  would  be  most  interested  in  the  election  of  a  Director 
to  represent  their  station,  provide  in  the  certificate  of  incorporation  for  what  is 
termed  cumulative  voting,  as  allowed  by  Section  20  of  the  General  Corporation  Law. 

"The  certificate  of  incorporation  of  any  stock  corporation  may  provide  that 
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at  all  elections  of  directors  of  such  corporation  each  stockholder  shall  be  entitled 
to  as  many  votes  as  shall  equal  the  number  of  his  shares  of  stock  multiplied  by 
the  number  of  directors  to  be  elected,  and  that  he  may  cast  all  of  such  votes 
for  a  single  director  or  may  distribute  them  among  the  number  to  be  voted  for, 
or  any  two  or  more  of  them  as  he  may  see  fit,  which  right,  when  exercised,  shall 
be  termed  cumulative  voting." 

For  instance,  if  a  stockholder  owns  two  shares  of  stock  and  wished  only  to 
vote  for  the  Director  for  his  station,  he  could  cast  twenty  votes  for  the  Director 
or  could  cast  his  twenty  votes  as  he  saw  fit. 

INSECT  PESTS 

Common  cabbage  looper,  or  cabbage  plusia  (Autographa  [Plusia] 
hrassicae  Riley).  The  looper,  so-called  because  of  the  peculiar  manner 
in  which  it  makes  a  loop  of  its  body  in  crawling,  is  one  of  the  most  in- 
jurious "  worms "  infesting  cauliflowers  and  Brussels  sprouts  in  this 
section.  The  larvae  are  light  green,  often  with  paler  longitudinal  stripes, 
and  about  1%  to  ij^  inches  long  when  full  grown.  They  feed  vora- 
ciously, at  first  on  the  under  side  of  the  leaves,  but  soon  eating  out  holes 
of  irregular  shape,  and  when  numerous  nearly  defoliating  the  plants.  As 
the  outer  leaves  become  old  and  tough  the  loopers  are  likely  to  forsake 
them  from  the  tender  leaves  next  to  the  head,  and  will  even  burrow  into 
the  head  itself.  Under  these  conditions  it  is  practically  impossible  to 
reach  them  with  poisons.  The  development  of  the  larva  takes  from 
two  weeks  to  a  month,  depending  on  the  weather.  The  caterpillar  then 
spins  a  semi-transparent  cocoon  on  the  leaf,  and  pupates  for  about  two 
weeks.  The  moth  is  brown,  the  fore  wings  being  darker  and  having  a 
silvery  comma-like  mark  on  each,  the  hind  wings  paler  and  edged  with 
still  lighter  brown.  The  wing  expanse  is  about  1%  inches.  The  eggs 
are  laid  on  the  leaves,  singly  or  in  small  clusters.  There  appear  to  be 
three  broods  on  Long  Island. 

Remedies.  Dry  poisons  are  most  satisfactory,  as  they  can  be  put  on 
by  hand  with  less  labor  than  liquids  and  stick  better.  It  is  scarcely 
possible  to  drive  through  a  field  of  more  than  half-grown  cauliflower 
or  sprouts  without  breaking  off  many  leaves,  so  spraying  is  confined  to 
hand  treatment.  A  pound  each  of  Paris  green  and  flour,  well  mixed,  is 
sufficient  to  dust  an  acre,  being  sifted  onto  the  plants  while  the  dew  is  on, 
through  a  fertilizer  sack  or  tin  sifter.  "  Bug  Death  "  and  various  com- 
mercial arsenical  preparations  are  also  used  in  the  same  way.  Powdered 
arsenate  of  lead,  which  has  recently  been  placed  on  the  market,  should 
be  a  valuable  addition  to  the  list.  It  comes  ready  for  use  without  mix- 
ing. Occasionally  a  grower  tries  arsenate  of  lead;  it  adheres  better 
than  other  arsenical  poisons  in  water,  and  destroys  the  worms,  but  the 
difficulty  of  application  prevents  general  use.  To  prepare,  mix  2^  to  3 
pounds  with  50  gallons  of  water. 
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Diamond-back  moth,  or  cabbage  plutclla  (Plutella  maculipennis  Cur- 
tis).  [P.  cruciferarum  Zell]     This  lively  little  caterpillar  is  a   source 
of  much  injury  to  the  cauliflower  and  sprout  crops,  and  is  more  diffi- 
cult to  control  than  any  other  of  the  leaf  eaters  attacking  these  crops, 
since  it  works  on  the  underside  of  the  leaves,  but  does  not  usually  eat 
through.*     Dusting  is  thus  without  avail,  and  underspraying  so  difficult 
that  the  growers  simply  endure  the  ravages,  trusting  to  the  vigor  of  the 
plant  to  perfect  its  product  in  addition  to  nourishing  this  hungry  horde  ; 
and  to  the  credit  of  the  plants  be  it  said  that  such  a  trust  is  frequently 
vindicated.     The  larva  is  pale  green,  slightly  hairy,  and  about   three- 
eights    of    an   inch   long   when    full   grown.      It   squirms   and   wiggles 
vigorously  when  disturbed,  and  drops  suspended  by  a  silken   thread. 
When  ready  to  pupate  it  spins  a  gauzy,  lace-like  cocoon  on  the  leaves. 
There  are  probably  two  broods  each  season.     The  winter  is  passed  in 
the  pupa  stage.     Cleaning  up  the  refuse  leaves  and  stalks  in  the  fall 
is   therefore   likely   to   be   of   benefit.    Whenever   the   attack    becomes 
seriously  threatening,  the  pest  can  undoubtedly  be  controlled  by  spray- 
ing the  under  sides  of  the  leaves,  using  an  elbowed  extension-rod  or 
nozzle.    Paris  green  at  i  lb.  to  100  gallons  of  water,  or  arsenate  of  lead, 
6  lbs.  to  100  gallons,  with  the  addition  of  an  adhesive,  would  be  eflFective. 
An  adhesive  sufficient  for  100  gallons  of  spray  mixture  can  be  made  by 
boiling  4  lbs.  of  rosin  and  2  lbs.  of  sal-soda  crystals  in  2  gallons  of  water. 
Boil  in  the  open  air  for  an  hour  to  an  hour  and  a  half,  when  the  liquid 
should  be  of  a  clear  brown  color. 

Imported  cabbage  worm  (Pontia  [Pieris]  rapae  Linn).  This  insect 
is  always  present,  but  does  not  cause  the  injury  to  the  crops  under 
consideration  which  the  looper  and  the  diamond-back  moth  do.  It 
seems  to  prefer  cabbage  if  there  is  any  in  the  neighborhood,  delighting 
to  bore  into  the  solid  head,  while  the  former  two  are  inclined  to  be 
outer-leaf  feeders.  The  cabbage  worm  is  light  green,  velvety,  and 
reaches  a  growth  of  1 34  inches  when  full  grown.  It  eats  large  irregular 
holes  out  of  the  leaves,  and  as  it  works  on  the  upper  surface,  it  is 
readily  reached  by  dust  or  spray.  The  remedies  are  the  same  as  for  the 
looper.  There  are  three  and  perhaps  four  broods  on  Long  Island, 
the  life  cycle  taking  from  twenty-two  days  to  five  weeks.  The  eggs 
hatch  in  four  to  six  days,  and  the  larva  attains  full  growth  in  ten  to 
fourteen.  Pupation  occupies  from  seven  to  fourteen  days,  except  that  the 
last  pupae  pass  through  the  winter.  The  imago  is  the  common  yellow 
butterfly  of  cabbage  patches,  the  male  having  a  conspicuous  black  spot 
on  each  fore  wing,  and  the  female  two. 

♦  In   cold   weather  the    Plutella   will   burrow  through   the   heads    of   Brussels 
sprouts. 
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Cabbage-worm  Remedies.  All  of  the  foregoing  sorts  of  worms  are 
therefore  amenable  to  much  the  same  treatment  with  arsenical  poisons, 
and  in  each  case  removal  or  destruction  of  the  crop  refuse  is  helpful. 
There  are  also  other  remedies  which  have  been  used  at  various  times 
and  places  with  success,  such  as  the  hot  water  treatment,  and  spraying 
with  pyrethrum,  hellebore,  or  kerosene  emulsion. 

Hot  water,  at  a  temperature  of  130°  F.,  will  kill  every  worm  ex- 
posed to  it,  without  injury  to  the  plant.  Boiling  water  may  be  pourefd  into 
a  watering  can  and  at  once  sprinkled  on  the  plants  without  scalding  them, 
as  the  firm  substance  of  the  leaves  endures  a  gogd  deal  of  heat  without 
injury. 

Pyrethrum,  Buhach,  or  Persian  insect  powder,  is  prepared  by  pul- 
verizing the  dried  flowers  of  Chrysanthemum  [Pyrethrum]  coccineum 
and  C.  [P.]  cinerariaefolium.  It  is  a  contact  insecticide,  and  may  be 
dusted  on,  but  is  more  economically  applied  in  water  at  one-half  ounce 
to  two  gallons.  Two  or  more  applications  are  necessary*  to  kill  large 
worms,  and  the  powder  must  be  fresh.  This  material  is  not  poisonous 
to  man,  and  can  therefore  be  applied  to  the  crop  shortly  before  har- 
vesting without  danger  to  the  consumer.  The  danger  of  arsenical  poi- 
soning from  eating  sprayed  vegetables  has  been  at  times  much  over- 
rated; even  under  the  worst  conditions  it  is  extremely  slight.* 

As  a  spray  material  for  a  crop  about  ready  to  harvest,  however, 
hellebore  has  largely  supplanted  pyrethrum.  This  consists  of  the  pow- 
dered roots  of  the  white  hellebore  (Veratrum  album  and  V.  viride),  and 
being  a  stomach  poison,  requires  less  careful  application  to  be  effective. 
Unlike  the  afsenicals,  however,  its  strength  is  dissipated  in  a  day  or  two 
when  exposed  to  the  air,  and  it  leaves  no  disfiguring  stain.  Used  at  the 
rate  of  one  ounce  to  two  gallons  of  water  it  is  very  effective,  if  care 
is  taken  to  secure  it  fresh  and  keep  it  in  air-tight  vessels. 

Kerosene  emulsion  will  destroy  the  worms  by  contact,  but  as  it  is 
more  often  used  to  combat  plant  lice  it  will  be  discussed  in  the  following 
paragraph. 

Cabbage  aphis  or  cabbage  louse  {Aphis  brassicae  Linn).  This  is 
one  of  the  worst  pests  the  growers  have  to  contend  with.  It  appears 
commonly  in  the  seed-bed,  multiplies  with  wonderful  rapidity,  and  is 
constantly  on  the  plants  till  harvest.  It  is  assailed  by  numerous  insect 
enemies,  but  always  holds  its  own,  and  flourishes  especially  in  cool 
weather,  when  its  enemies  are  not  very  active.    As  it  is  a  sucking  insect, 

♦Ky.  Rpt.  1901,  p.  277. 
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contact  insecticides  must  be  used  against  it,  the  favorites  of  these  being 
kerosene  emulsion  and  whale-oil  or  other  soaps.  These  materials  are 
employed  only  in  the  early  part  of  the  season  on  the  seed-bed  (.the 
plants  may  be  dipped  at  time  of  transplanting),  or  in  the  field  while 
the  plants  are  small.  In  the  latter  part  of  the  season  rains  are  relied 
upon  to  wash  the  lice  off.  In  the  seed-bed  the  pest  can  be  controlled 
largely  by  playing  the  hose  on  the  plants. 

To  make  kerosene  emulsion,  dissolve  one-half  a  pound  of  laun- 
dry soap  in  one  gallon  of  boiling  water,  (preferably  soft).  Remove  from 
the  stove,  add  two  gallons  of  kerosene,  and  churn  or  pump  the  mix- 
ture back  into  itself  until  it  is  of  a  creamy  consistency,  and  no  oil  risei> 
to  the  top.  Of  this  stock  solution  take  one  part  to  nine  or  ten  of  water. 
This  is  not  considered  safe  by  some  growers,  who  prefer  the  soap. 

Whale-oil  (fish-oil)  soap  is  used  at  the  rate  of  one  pound  to  six 
or  seven  gallons  of  water,  and  even  common  bar  soap  is  nearly  as  effective 
in  the  same  ratio.  The  English  preparation  known  as  *'  V» "  Spraying 
Fluid,  now  on  our  markets,  has  been  employed  successfully,  but  is 
expensive. 

Cabbage  maggot  (Pegomya  [Phorbia]  brassicae  Bouche).  This  is 
a  common  pest  in  seed-beds,  but  if  controlled  there,  seldom  does  much 
damage  in  the  field.  The  eggs  are  usually  deposited  on  the  ground  near 
the  stems  of  the  young  plants,  or  on  the  stems  close  to  the  ground  or 
even  a  trifle  below  it,  by  a  fly  resembling  the  common  house  fly.  In 
about  a  week  the  tgg  hatches,  and  the  tiny  grub  makes  it  way  to  the 
root,  where  it  is  able  to  rasp  away  the  tender  bark  and  tissues  with  a 
horny  hook  included  among  its  mouth  parts.  Decay  of  the  wounded 
parts  aids  its  progress,  so  that,  although  not  equipped  with  jaws,  its 
destructive  power  is  considerable,  and  the  root  may  be  seriously  injured 
or  killed  by  girdling.  The  grub  reaches  full  size  (one-fourth  of  an  inch 
long)  in  about  a  month,  and  pupates  in  the  ground,  this  stage  lasting 
from  two  weeks  to  several  months.  The  winter  is  passed  in  the  pupa 
stage,  and  there  are  three  or  more  broods  each  season. 

The  safest  remedy  is  to  protect  the  seed-bed  with  cheese-cloth,  set- 
ting boards  a  foot  wide  on  edge  around  the  bed,  and  stretching  the 
cloth  over  the  top.  This  excludes  all  the  other  insect  pests  as  well, 
and  the  partial  shade  is  beneficial  rather  than  otherwise.  Growers, 
however,  commonly  feel  that  this  involves  too  much  expense  and  labor, 
and  content  themselves  with  dipping  the  plants  in  kerosene  emulsion  or 
whale-oil  soap  solution  at  time  of  transplanting.     White  hellebore,   one 
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part,  dissolved  in  two  parts  of  hot  water,  has  been  found  very  effective 
as  a  dip.*  Allow  the  water  to  cool  before  using,  and  dip  deeply  enough 
to  wet  the  lower  leaves  as  well  as  the  roots. 

Hellebore  dissolved  in  water  at  the  rate  of  two  ounces  per  gallon 
has  proved  a  perfect  remedy  when  applied  to  the  soil  at  the  base  of 
the  plant,  about  a  teacupful  to  each.*  * 

Carbolic  acid  and  lime  has  been  found  very  effective  in  New  Jersey 
in  repelling  the  flies,  f  Three  pints  of  lime  are  slaked  to  a  thin  cream 
in  a  gallon  of  water,  and  a  tablespoon  of  crude  carbolic  acid  is  added. 
This  is  poured  along  the  row  from  a  watering  can  or  nozzle  so  as  to 
form  a  complete  crust  about  the  base  of  the  plants,  which  are  not  in- 
jured in  the  least  by  this  treatment.  This  circumvents  the  maggots 
quite  as  effectively  as  tarred-paper  cards,  is  cheaper,  and  is  applicable  in 
the  seed-bed,  where  cards  are  not. 

Kerosene  and  sand  —  a  cupful  to  a  bucket  of  dry  sand  —  scattered 
along  the  rows  will  also  deter  the  flies  from  laying  eggs,  but  there  is 
some  danger  of  burning  the  stems  of  young  plants.  The  sand  should  be 
well  stirred  before  applying. 

The  seed-corn  maggot  (Pegomya  fusciceps  Zett),  which  closely  re- 
sembles the  cabbage  maggot,  also  works  on  these  crops,  and  is  amenable 
to  the  same  treatment. 
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1893.  A  few  common  insect  pests. —  C.  P.  Gillette  (Colo.  Bui.  24,  pp.  7,  8*  figs.  3). 

1894.  Insects  affecting  late  cabbage. —  F.  A.  Sirrine  (N.  Y.  State  Bui.  83,  p.  684). 

Potherb  butterfly  {Pontia  iPieris]  napi  Linn) 
1884.    The  potherb  butterfly.— C.  V.  Riley   (U.  S.  D.  A.  Rpt.  1883,  pp.  115-117. 
pl.  I). 

Cross-striped  cabbage  worm    (Evergestis   [Pionea]   rimosalis  (lucn.) 
1884.    The  cabbage  Pionea.—  C.  V.  Riley  (U.  S.  D.  A.  Rpt.  1883,  pp.  126-12&  pis.  2). 

1892.  Insects  injurious  to  the  cabbage. —  H.  E.  Weed   (Miss.   Bui.  21,  pp.  7,  8» 

fig",  j). 

1893.  Injurious  insects  of  Maryland. —  C.  V.  Riley  (Md.  Bui.  23,  pp.  83,  84,  fig.  i). 

1894.  Insects  affecting  late  cabbage. —  F.  A.  Sirrine  (N.  Y.  State  Bui.  83,  p.  684). 
1902.    Some  insects  injurious  to  vegetable  crops. —  F.  H.  Chittenden  (U.  S.  D.  A., 

Bur.  Ent.  Bui.  33»  PP-  54-59,  Ag-  O- 

Cut  worms  (Various  species  of  Noctuids) 

1895-    Cabbage  cut  worms.— C.   V.    Riley    (U.   S.  D.   A.   Rpt.   1884,  pp.   28c>-300^ 
figs.  10)   Describes   the   following: 
Dark-sided  cutworm,  Agrotis  messoria  Harr. 
Granulated  cutworm.  Aqrotis  annexa  Treitschke 
Shagreened  cutworm,  Agrotis  malefida  Guen. 
W-marked  cutworm,  Agrotis  clandestina  Harr. 
Greasy  cutworm,  Agrotis  ypsilon  Rott. 
Speckled  cutworm,  Mamestra  subjuncta  G.  &  R. 
Glassy  cutworm,  Hadena  dcvastatrix.  Brace 
Variegated  cutworm,  Agrotis  saucia  Treitschke 

1895.  Cutworms,  etc.— J.  B.  Smith  (N.  J.  Bui.  109,  pp.  3-13,  figs.  j). 
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1895.    Cutworms  in  Kentucky. —  H.  Carman  (Ky.  Bui.  58,  pp.  89-107,  pi.  i). 
1895.    Climbing  cutworms   in   Western   New   York. —  M.    V.   Slingerland    (N.  Y. 

Cornell  Bui.  104,  pp.  553-600,  pis.  5,  figs.  2). 
1895.    Insects   injurious  to    fruits   and   vegetables,   and    remedies    for   destroying 

them.— J.  T.  Stinson  (Ark.  Bui.  33,  PP.  85,  86). 

1895.  Insects  injurious  in  1895.— O.  Lugger   (Minn.  Bui.  43,  pp.  232-243,  fig.  i). 

1896.  Some  injurious  insects.— G.   C.   Davis    (Mich.   Bui.   132,  pp.  3-14,  figs.  8). 
1907.    Cutworms. —  H.  T.  Fernald  (Mass.  Circ.  2,  pp.  2). 

Imported  cabbage  webworm   (Hellula  undalis  Fab.) 

1899.  Some  insects  injurious  to  garden   and   orchard   crops. — F.  H.   Chittenden 

(U.  S.  D.  A.,  Bur.  Ent.  Bui.  19,  pp.  51-57,  ^R-  O. 

1900.  Some  insects  injurious  to  garden  crops. —  F.  H.  Chittenden   (U.  S.  D.  A., 

Bur.  Ent.  Bui.  23.  pp.  ^3-61,  fig.  i). 

Cabbage  aphis  (Aphis  brassicae  Linn) 
1890.    Plant  lice  and  how  to  deal  with  them. —  J.  B.  Smith  (N.  J.  Bui.  72,  pp.  16-20, 
figs.  2). 

1892.  Insects  injurious  to  the  cabbage. —  H.  E.  Weed   (Miss.  Bui.  21,  pp.  10-12, 

figs.  3) 
1802.    Horticulture  and  entomology. —  E.   S.   Richman    (Utah   Bui.    14,  pp.   7-10, 
figs.  7). 

1893.  Miscellaneous   entomological  papers. —  F.   M.  Webster   (Ohio  Bui.   51,  pp. 

109-111). 

1894.  Insects  affecting  late  cabbage. —  F.  A.  Sirrine    (N.   Y.   State   Bui.  83,  pp. 

673-678). 

1895.  Treatment  of  common  diseases  and  insects  injurious  to   fruits  and  vege- 

tables.—S.  A.  Beach  and  W.  Paddock  (N.  Y.  State  Bui.  86,  pp.  97,  98). 
1895.    The  pests  of  the  orchard  and  garden. —  L.  R.  Taft  and  G.  C.  Davis  (Mich. 
Bui.  121,  p.  62). 

1897.  Some  common  injurious  plant  lice,  with  suggestions  for  their  destruction. — 

W.  G.  Johnson  (Md.  Bui.  48,  PP.  97,  98,  fig.  1). 
1909.     Some  insects  injurious  to  cabbage,  cucumbers  and  related  crops. —  F.   H. 
Chittenden  (Va.  Truck  Sta.  Bui.  2,  pp.  22-30,  figs.  4). 

Cabbage  root  maggot  (Pegomya  [Phorbia]  brassicae  Bouche) 

1894.  The   cabbage    root   maggot,   with   notes    on   the    onion   maggot   and   allied 

insects. —  M.  V.  Slingerland  (N.  Y.  Cornell  Bui.  78,  pp.  481-577,  figs.  18). 
1905.    Root  maggots  and  how  to  control  them. —  F.  H.  Chittenden   (U.  S.  D.  A., 
Buf.  Ent.  Circ.  63,  pp.  7,  figs.  5). 

1905.  Cabbage  root  maggot.    Poisoned  bran  for  cutworm. —  W.  S.  Blair  (Canada 

Exp.  Farms  Rpt.  1904,  pp.  362-364). 

1906.  The  cabbage  maggot  and  other  injurious  insects  of  1906. —  F.  L.  Washburn 

(Minn.  Bui.  100,  pp.  1-19,  eld.  pi.  i,  figs.  11). 

1907.  The  cabbage  and  onion  maggots. —  John   B.  Smith   and   E.  L.   Dickerson 

(N.  J.  Exp.  Sta.  Bui.  200,  pp.  27,  figs.  13). 
1907.    The  cabbage  maggot  and  other  injurious  insects  of  1906. —  F.  L.  Washburn 
(Minn.  Bui.  100.  pp.  87,  pis.  7,  figs.  57)- 

1907.  Root  maggots. —  H.  T.  Fernald  (Mass.  Circ.  5,  pp.  2). 

1908.  The  apple  leaf  hopper  and  other  injurious  insects  of  1907  and  1908. —   F.  L. 

Washburn  (Minn.  Bui.  112,  pp.  196-213,  figs.  3). 
1908.     Screening  for  the  protection  of  cabbage  seedbeds. —  W.  J.  Schoene  (N.  Y. 
State  Bui.  301,  pp.  165-174,  pi.  i). 

Cabbage  flea-be etie,  or  striped  turnip  flea-beetle  (Phyllotreta  vittata  Fab.) 

1885.    The  wavy-striped  flea-beetle.— C.   V.   Riley    (U.   S.   D.   A.   Rpt.    1884.  PP. 
301-304,  fig.  i). 

1890.  The  cabbage  flea  beetle.— H.  Garman   (Ky.)  Rpt.  1889,  pp.  23-25). 

1891.  The   striped   flea   beetle   or  cabbage   flea.— A.    D.    Hopkms    (W.   Va.   Rpt. 

1890,  pp.  147-150). 

1895.  Remedies  for  flea  beetles. —  C.  M.  Weed  (N.  H.  Bui.  29,  pp.  3-7HTgs.  Oj 
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Harlequin  cabbage  bug    (Murganta  histionica  Hahn) 

1885.    The  harlequin  cabbage  bug.— C.  V.  Riley  (U.  S.  D.  A.  Rpt.  1884,  pp.  30^ 

312,  fig.   I). 
1908.    The  harlequin  cabbage  bug.— F.   H.   Chittenden    (U.   S.  D.  A.,  Bur.   Ent. 

Circ.  103,  pp.  10,  fig.  i). 

False  chinch  bug  (Nysius  angustatus  Uhl.) 
1885.    The  false  chinch-bug.— C.  V.  Riley   (U.  S.  D.  A.  Rpt.  1884.  pp.  315-3x7. 

fig.  I.). 
1894.    Chinch-bugs. —  L.   Bruner  and  H.   G.   Barber    (Neb.  Bui.  34,  pp.   153,   154, 
fig.  I). 

Cabbage  curculio    {C outorhynchus  rapae  Gyll.) 

1900.  Some  insects  injurious  to  garden  crops. —  F.  H.  Chitenden   (U.  S.  D.   A., 

Bur.  Ent.  Bui.  2^,  pp.  39-53,  figs.  2). 

Cabhaae  hair  worm  (MermuT  spp.  et  al.) 

1905.     Cabbage  snakes. —  H.  Carman   (Ky.  Bui.  120,  pp.  78-81,  pi.  i). 
190B.    The  cabbage  hair  worm. —  F.  H.  Qhittenden  (U.  S.  D.  A.,  Bur.  Ent.  Circ. 
62,  pp.  6,  fig.  i). 

Lists  of  books  and  pamphlets 

1901.  Bibliography  of   the  more  important   contributions   to  American   economic 

entomology.  Part  VIL — Nathan  Banks  (U.  S.  D.  A.,  Bur.  Ent.,  pp.  113). 
Price,  cloth,  twenty  cents.  Postage,  three  cents.  (Covers  the  period  be- 
tween December  31,  1896,  and  January  i,  1909.) 

1905.  Bibliography,  etc.   (as  above). —  Nathan  Banks  (U.  S.  D.  A.,  Bur.  Ent.,  pp. 

132).    Price,  ten  cents.     Postage,  three  cents.     (Covers  the  period  between 
Dec.  31,  1899,  and  Jan.  i,  1905) 
1910.    A  list    of  works  on  North  American  entomology. —  Nathan  Banks    (U.  S. 
D.  A.,  Bur.  Ent.  Bui.  81,  pp.  120).     Price,  fifteen  cents.     Postage,   four 
cents. 

(Application  and  money  for  these  bibliographies  should  be  sent  to  Super- 
intendent of  Documents,  Government  Printing  office,  Washington,  D.  C.) 

Useful  works  on  economic  entomology,  containing  information  on  the  pests 

of  cole  crops 

1902.  Insects   injurious  to   staple   crops. —  E.    D.    Sanderson    (New   York:    John 

Wiley  &  Sons,  pp.  295,   figs.    162).     Price,  $1.50. 

1906.  Economic  entomology. —  J.   B.   Smith    (Philadelphia:  J.   B.   Lippincott   Co., 

pp.  475,  figs.  475).     Price,  $2.50. 

1907.  Insects   in'jurious   to  vegetables. —  F.   H.   Chittenden    (New   York:    Orange 

Judd  Co.,  pp.  262,  figs.  163).  Price,  $1.50. 

Bulletins  covering  in  a  general  manner  the  treatment  of  cabbage  insects 

1904.    Cabbage  diseases  and  insects. — J.  B.  S.  Norton  and  T.  B.  Symons  (Md.  Circ. 

Bui.  58,  pp.   10,  figs.  6). 
1904.    Insects  injurious  to  cabbage. —  H.  Carman  (Ky.  Bui.  114,  pp.  i5-47»  figs.  17). 
1906.    Cabbages    for    stock    feeding. —  S.    Fraser    (N.   Y.    Cornell    Bui.    242,    pp. 

69,  70). 
1906.    Farm  practice  in  the  control  of  field-crop  insects. —  F.  M.  Webster   (U.   S. 

D.  A.  Yearbook  1905,  pp.  465-4/6,  pis.  2,  figs.  2).     (Pub.  separately   as 

Yearbook  Separate  396.) 

DISEASES 
Soft  rot,  or  stump  rot  (Bacillus  carotovorus  Jones)    [B.  oleraceae 
Harrison].     This   disease  is  the  most  serious  the  cauliflower  growers 
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Fig.  117.    Section  of  head,  showing  discoloration 
caused  by  soft  rot.     (Bacillus  carotovorus) 


have  to  contend  with,  but  fortunately  is  not  an  annual  scourge,  becoming 
destructive  only  in  seasons  of  much  hot  and  muggy  weather.  At  such 
times  it  spreads  with  great  rapidity,  so  that  considerable  portions  of  a  field 
may  become  affected  in  the  space  of  a  few  days.  The  soft  rot  is  a 
wound-parasite,  but  how  the  disease  spreads  is  not  definitely  known; 
cultivation,  together  with  insects,  snails,  and  other  creatures  are  prob- 
ably agents.  The  core  of  the  stem  and  inner  portions  of  the  head  com- 
monly rot  before  the  external  parts  are  involved  (Fig.  117),  so  that  the 
appearance  of  the  disease 
on  the  exterior  is  very 
quickly  followed  by  com- 
plete collapse  of  the  plant. 
The  bacteria  invade  the  tis- 
sues in  enormous  numbers, 
working  into  the  inter- 
cellular spaces  and  secret- 
i  n  g  an  enzyme  which 
swells  and  disintegrates 
the  cell  walls.  The  whole 
tissue  soon  breaks  down  into  a  soft,  brown,  corrupt  mass  of  an  extremely 
unpleasant  odor.     The  stench   from  a  field  where   many  heads  have 

rotted    is    almost    unen- 
durable. 

No  remedy  is  known 
except  rotation.  Liming 
the  soil  at  the  rate  of 
one  hundred  bushels  per 
acre  every  two  or  three 

years  seems  to  act  as  a 
Fig.  118.    A  sound  and  perfect  head,  sectioned  for   ^^4.^-r^„4. 
comparison  with  Fig.  117.  aeierreni. 

Black  rot  of  cabbage  (Pseudomonas  campestris  [Pammel]  Erw. 
Smith).  This  has  not  been  a  very  destructive  disease  in  cauliflowers 
and  Brussels  sprouts.  Infection  takes  place  through  wounds,  or  more 
frequently  through  the  water-pores  on  the  edges  of  the  leaves,  the 
bacteria  thence  making  their  way  along  the  veins  till  they  finally  in- 
volve the  whole  leaf  (Fig.  119),  the  stump,  and  the  head.  The  pro- 
gress of  the  disease  is  marked  by  the  yellowing  and,  finally,  browning  of 
the  leaf  from  the  tip  backwards,  and  the  darkening  of  the  fibrovascular 
bundles.     The  latter  characteristic  is  especially  valuable  for  diagnosis; 
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when  the  disease  is  present  a  cross  section  of  the  midrib  of  a  leaf  or  the 
stump  will  reveal  a  dark  ring  formed  by  the  ends  of  the  vascular  bun- 
dles. Plants  only  moderately  affected  at  harvest-time  are  salable,  but 
quickly  rot  in  storage. 

Since  infection  commonly  takes  place  through  the  leaf-tips,  efforts 

have  been  made  to  check  the 
disease  by  removing  the  af- 
fected leaves  as  soon  as  seen 
(cf.  N.  Y.  State  Bui.  232), 
but  the  method  proved  too 
drastic  and  uncertain.  Appar- 
ently  there  is  no  remedy  but 
rotation. 

Club  root  {Plasmodia phora 
brassicae  Won).  This  disease 
does  little  damage  on  Eastern 
Long  Island,  except  in  wet 
seasons  or  poorly  drained  situ- 
ations, at  least  with  the  three 
or  four  year  rotation  com- 
monly practiced.  The  clubby 
swelling  of  the  roots  is  caused  by  one  of  the  low  organisms  known  as 
slime-molds.  Fig.  120  shows  the  disease  in  a  mild  form;  in  more  seri- 
ous cases  the  entire  root  system  be- 
comes a  swollen,  distorted  mass  of 
knotted  roots.  Infection  takes  place 
through  the  root,  and  the  organism  is 
able  to  live  in  the  soil  several  year* 
without  a  host.  A  rotation  of  not  less 
than  four  or  five  years  should  be  prac- 1 
ticed  after  an  attack  of  the  disease,  [ 
excluding  in  the  interval  all  brassica-j 
ceous  plants  (cabbage,  turnips,  etc.). 
Liming  once  in  two  or  three  years  at  ] 
the  rate  of  one  hundred  bushels  per 
acre  is  efficacious  in  checking  the  | 
disease. 

Ricing.     Though  not  a  disease,  this  Fig.  12a    Club  root  (Plasmodiophora 
.      .  ,  .  ^,  ,    brasstcae)on  cauh flower.  Mxld  attack, 

comes  in  the  catalc^^e  of  the  grower  s 

troubles  and  may  be  appropriately  dealt  with  here.     A  "  riced  "  head, 

so-called  from  its  resemblance  to  a  mass  of  rice  grains^  (Fig-    121), 
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is  caused  by  the  starting  into  growth  or  pushing  up  of  the  abortive 
flower  heads  which  compose  the  cauliflower  head.  This  ruins  the  beauti- 
ful solid  effect  seen  in  a  perfect  head,  giving  a  loose  and  much  less 
attractive  appearance,  and  impairing  the  snowy  whiteness  by  exposing 


Fig.  121.    Riced  heads. 

to  view  the  stems  beneath.  There  is  no  sale  on  the  market  for  riced 
heads,  though  the  quality,  when  the  ricing  is  moderate,  appears  to  be  as 
good  as  in  perfect  specimens. 

The  most  frequent  cause  of  ricing  is  a  rain  after  a  long  period  of 
drought;  if  the  plants  have  been  practically  at  a  standstill  for  some 
time,  the  sudden  starting  into  renewed  growth  stimulates  the  develop- 
ment of  the  flower  branches  in  an  effort  of  the  plant,  after  a  period  of 
rest,  to  go  to  seed.  These  conditions  can  be  controlled  to  a  considerable 
extent  by  cultivation,  maintaining  a  perfect  dust  mulch  during  the 
drought,  and  perhaps  cultivating  deeply  after  the  rain  to  cut  off  some  of 
the  roots  and  reduce  absorption. 

Another  cause  is  badly-selected  seed,  but  this  is  scarcely  one  to  be  con- 
sidered among  these  growers,  who  are  supplied  with  the  very  best  strains. 
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Alwood  (Va.  Bui.  24,  p.  12). 

1894.  The  cabbage  root  maggot  [etc.]. —  M.  V.  Slingerland   (N.  Y.  Cornell  Bui. 

78,  pp.  502-505,  fig.  I). 

1896.  Prevention  of  cabbage  club  root. —  F.  C.  Stewart   (N.  Y.  State  Rpt.   1895, 

pp.  .S25-529). 

1897.  Experiments  with   turnips ;  testing  of  other  plants   for  club  root. —  B.    D. 

Halsted^  (N.  J.  Rpt.  1896,  pp.  306-309,  fig.  r). 

1898.  Susceptibility  of  varieties  of  turnips  to  club  root ;  experiments  with  cabbages, 

etc.— B.  D.  Halsted  (N.  J.  Rpt.  1897,  PP-  270-276,  fig.  i). 

1898.  Club  root  and  black  rot— L.  R.  Jones   (Vt.  Bui.  66,  pp.  3-12,  figs.  5). 
1907.     Some  important  plant  diseases  of  Washington. —  W.  H.  Lawrence    (Wash. 

Bui.  83,  pp.  6-9.  fig.  I). 

Root  rot  or  stem  rot  (Corticium  vagutn  B.  &  C.  var.  Solani  Burt.)  [Rhisoctonia] 

1899.  Three  important  fungous  diseases  of  the  sugar  beet. —  B.  M.  Duggar    (X. 

Y.  Cornell  Bui.  163,  pp.  339-352,  361,  pis.  3,  figs.  5)- 

1900.  The  rotting  of  greenhouse  lettuce. —  G.  E.  Stone  and  R.  E.  Smith   (Mass. 

Bui.  69.  pp.  16,  17,  39.  figs.  3). 

1901.  The  sterile  fungus  Rhizoctonia. —  B.  M.  Duggar  and  F.  C.  Stewart  (N.  Y. 

Cornell  Bui.  186,  pp.  27,  figs.  9).     [Ibid.,  N.  Y.  State  Bui.  186.] 

1902.  Experiments  in  the  culture  of  the  sugar  beet  in  Nebraska. —  T.  L.  Lyon  and 

A.  T.  Wiancko   (Xeb.  Bui.  73,  p.  21). 

1902.  Potato   failures. —  F.  M.  Rolfs   (Colo.   Bui.  70,  pp.  20). 

1903.  A    rosette   disease  of  potatoes. —  A.   D.   Seiby    (Ohio   Bui.   139,  pp.    53-66, 

figs.  5.) 

1903.  Studies  in  potato  rosette.— A.  D.  Selby  (Ohio  Bui.  I45»  PP-  iS-28,  figs.  4). 

1904.  Potato  failures.— F.  M.  Rolfs    (Colo.  Bui.  91,  pp.  33)- 

1905.  Rhizoctonia  (Rosette).— G.  P.  Clinton   (Conn.  Rpt.  1904,  pp.  325-326,  pi.  i, 

figs.  3). 

1906.  Tomato  diseases.— F.  M.  Rolfs   (Fla.  Rpt.  1905,  pp.  40--47). 

Downy  mildew  of  crucifers    (Peronospora  parasitica    (Pers.)    De  Bary) 
1891.     Cabbage.— B.  D.  Halstcad   (N.  J.  Rpt.  1890,  p.  349). 

White  "rust"  of  crucifers  (Cysiopus  candidus  (Pers.)  Lev.) 
1901.     The  white  mould  of  radish.— B.  D.  Halsted   (X.  J.  Rpt.  1900,  pp.  462,  463, 
pl.   I). 
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Bulletins  covering  generally  the  treatment  of  cabbage  diseases 

1904     Cabbage  diseases  and  insects. —  J.  B.  S.  Norton  and  T.  B.  Symons  (Md.  Circ. 
Bui.  58,  pp.  10,  figs.  6). 

1909.  The  control  of  malnutrition  diseases  of  truck  crops. —  L.  L.  Harter   (Va. 

Truck  Sta.  Bui.  i,  pp.  4-16,  figs.  4). 

1910.  Diseases  of  garden  crops  and  their  control. —  K.  J.  Giddings  (VV.  Va;  Bui. 

123,  pp.  18,  pis.  5).  . 

1910.    A  brief   handbook   of  the  diseases   of  cultivated  plants  in   Ohio. —  A.   D. 
Selby  (Ohio  Bui   214,  pp.  307-456-1-vii,  figs.  106). 

Books  on  plant  diseases*  containing  information  on  diseases  of  cole  crops 

1807.    Diseases  of  plants  induced  by  cryptogamic  parasites.— K.  F.  von  Tubeuf 

and  Wm.  G.  Smith  (London  and  New  York:    Longmans,  Green  &  Co.,  pp. 

598.  figs.  330).     Price.  $5.50. 
1905.    Minnesota  plant  diseases. —  E.  M.  Freeman   (St.  Paul,  Minn.;  The  Pioneer 

Press,  pp.  432,  figs.  211).     (Pub.  by  authority  of  the  Board  of  Regents 

of  the  Univ.  of  Minn.). 
ipog.    Fungous  diseases  of  plants. —  Ben.  M.  Duggar  (New  York:     Ginn  &  Co., 

pp.  508,  figs.  240).     Price,  $2. 
1910.    Diseases  of  economic  plants. —  F.  L.  Stevens  and  J.  G.  Hall   (New  York: 

The  Macmillan  Co.,  pp.  513,  figs.  214).     Price.  $2. 
1910.    Diseases  of  cultivated  plants  and  trees. —  George  Massee  (New  York:  The 

Macmillan  Co.,  pp.  602,  figs.  171).    Price,  $2.25.     (An  English  work.) 

Bulletins  on  spraying 

1904.    Fungicides,  insecticides  and  spraying  calendar. —  G.  E.  Stone,  H.  T.  Fernald 

and  F.  A.  Waugh  (Mass.  Bui.  96,  pp.  16,  fig.  i.) 
1904.    Homemade  soap  for  spraying. —  F.  H.  Hall,  L.  L.  Van  Slyke  and  F.  A. 

Urner  (N.  Y.  State  Bui.  257,  popular  ed.,  pp.  6,  fig.  1). 

1904.  Preparation  and  use  of  sprays:  spray  calendar. —  W.  Stuart  (Vt.  Bui.  113, 

pp.  95-108). 

1905.  Spraying. —  G.  F.  Warren  (N.  J.  Bui.  194,  pp.  60). 

1907.    Spraying  calendar.— S.  A.  Beach  and  E.  E.  Little  (la.  Bui.  89,  pp.  24,  figs.  s)» 
1907.     Some   practical   directions   for  making  oil  emulsions  —  C.   L.   Penny    (Del. 

Circ.  I.  OD.  6). 
1907.     Control  of  insect  pests  And  diseases  of  Maryland  crops.— ^  J.  B.  S.  Norton 

and  T.  B.  Symons  (Md.  Bui.  115,  pp.  145--210,  figs.  38). 

1909.  Control  of  insects  and  of  plant  diseases. —  C.  D.  Jarvis  (Conn.  Storrs  Bui. 

56,  pp.  220-282,  pis.  8). 

1910.  Insect  pests  and  plant  diseases. — M.  V.  Slingerland,  H.  H.  Whetzel,  'et.  al. 

(N.  Y.  Cornell  Bui.  283,  pp.  465-498,  figs.  iQi-222). 
1910.    Fighting  the  insect  pests  and  disease  of  orchard,  field,  and  garden  crops. — 

H.  L.  Price  (Va.  Circ.  7,  rev.,  pp.2-148,  figs.  65). 
1910.    Directions  for  making  spray  mixtures. —  111.  Circ.  136,  pp.  15,  fig.  i). 

PART  II.     BRUSSELS  SPROUTS 

Brus.sels  sprouts  are  grown  throughout  the  eastern  end  of  Long 
Island,  covering  much  the  same  section  as  cauliflower ;  but  the  industry  is 
centered  about  Orient,  at  the  extreme  end  of  the  Island.  Cauliflower 
was  once  largely  planted  near  Orient,  and  the  soil  appears  to  be  quite 
as  well  adapted  to  the  crop  as  farther  west;  but  it  has  proved  impos- 
sible, perhaps  because  of  fogs,  to  grow  as  good  cauliflowers  here  as  about 
Southold  and  to  the  west,  hence  the  growers  have  abandoned  this  crop 
for  sprouts.    Equally  good  sprouts  can  be  raised  west  of^  Southold,  but 
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cauliflowers   are   deemed    more    profitable,   and   the   industry   is   better 
organized. 

Sprouts  are  grown  on  the  same  soils  and  sites  as  cauliflower,  and  for 
discussion  of  these  topics  the  reader  is  referred  to  the  first  part  of  the 
bulletin. 

HISTORY 

The  first  sprout  seed  sown  in  Orient  was  brought  there  by  Captain 
Smith  Dewey,  a  commission  man  who  was  a  regular  buyer  at  the  east 
end  of  the  Island,  from  New  York  in  1876.  He  secured  an  ounce  of 
seed  imported  from  Belgium  by  Mr.  W.  G.  Ihrig,  a  New  York  com- 
mission man,  and  divided  it  equally  between  Mr.  George  W.  Hallock  and 
Mr.  John  Henry  Youngs.  Mr.  Hallock  discontinued  the  crop  after  one 
year,  but  Mr.  Youngs  has  grown  it  uninterruptedly  to  the  present  time, 
though  continuous  and  careful  selection  has  so  improved  the  stock  that 
it  now  has  little  resemblance  to  the  original. 

The  plants  first  raised  were  about  three  feet  in  height,  or  nearly 
twice  that  of  the  present  strain,  and  had  larger,  though  very  firm, 
sprouts.  It  was  customary  in  the  early  days  to  plant  sprouts  early,  and 
this  no  doubt  partly  accounts  for  the  difference  in  height. 

Brussels  sprouts  were  all  but  unknown  on  the  New  York  market 
in  the  seventies,  and  Mr.  Ihrig,  who  handled  the  slender  Long  Island 
product,  found  it  slow  work  to  build  up  a  trade  in  them.  Among  his 
best  customers  in  those  days  were  Tom  Thumb  and  his  wife  of  Bar- 
mum's  Museum,  at  Ann  Street  and  Broadway,  and  Mr.  Ihrig  soon  began 
to  call  the  sprouts  "  Tom  Thumb  cabbages,^  and  sell  them  to  clubs  and 
hotels  under  this  name.  About  1880  three  barrels  shipped  in  mid- 
winter by  Mr.  Youngs  of  Orient  were  promptly  sold  by  Mr.  Ihrig,  who 
sent  back  a  check  for  sixty  dollars. 

The  region  about  Orient  continues  to  be  one  of  the  most  important 
sources  of  supply  of  this  vegetable  for  the  New  York  market,  the  crop 
now  amounting  annually  to  something  like  300,000  quarts.  The  area 
planted  each  year  is  approximately  125  acres. 

PREPARING  THE  SOIL.     ROTATION  OF  CROPS 

The  preparation  of  soil  and  rotation  of  crops  already  described  for 
cauliflowers  applies  equally  well  to  Brussels  sprouts.  Late  sprouts  are 
grown  as  a  succession  crop  following  potatoes,  or  occasionally  early 
carrots ;  for  early  sprouts  the  land  is  plowed  in  May  and  kept  harrowed 
until  time  for  setting  the  plants  on  new  land.  Sprouts  are  occasionally 
grown  two  years  in  succession  but  commonly  three  or  four  years  are 
allowed  to  intervene  between  crops.    No  cruciferous  crops,  such  as  tur- 
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nips,  should  be  grown  on  the  land  meantime,  as  these  serve  as  hosts 
for  the  club-root.  Sprouts  are  commonly  followed  by  potatoes,  but 
frequently  by  corn  or  carrots;  some  then  seed  down  to  grass  and  so 
return  to  potatoes  and  sprouts.  Some  persons  grow  potatoes  every  year 
in  the  intervals  between  successive  crops  of  sprouts. 

Cover-crops  are  commonly  employed  on  the  sprout  fields.  One  of 
the  leading  growers  finds  timothy  most  satisfactoi*y,  broadcasting  it  in 
August  over  cucumbers  or  other  late  crops.  The  seed  lodging  on  the 
leaves  is  washed  into  the  soil  by  the  first  rain,  and  by  winter  the  ground 
is  well  carpeted.  Even  if  the  top-growth  is  small,  and  the  amount 
of  vegetable  matter  appears  trifling,  when  the  land  is  turned  over  the 
soil  near  the  surface  is  found  to  be  densely  filled  with  fine  roots,  and  the 
texture  of  the  soil  greatly  benefited.  Another  good  grower  will  sow 
oats  in  August  after  potatoes,  spread  with  *  bunkers '  (mossbunkers  or 
menhaden)  during  the  fall,  plow  under  and  sow  to  rye  for  a  winter 
cover.  The  next  May  the  rye,  then  twelve  to  eighteen  inches  high,  is 
plowed  under  and  the  land  kept  clean  by  harrowing  till  late  June,  when 
early  sprouts  are  set.  In  the  fall  rye  is  sometimes  sown  among  the 
sprouts,  but  the  ground  is  then  rather  densely  shaded  to  permit  of  a  good 
stand. 

raising  the  plants 

The  seed  used  at  Orient  is  all  locally  grown,  those  who  do  not 
produce  their  own  supply  procuring  it  from  their  neighbors.  The  strain 
is  very  fine;  its  origin  and  characteristics  are  described  later  in  the 
section  on  seed-growing.  The*seed-bed  is  prepared  on  one  edge  of  the  field, 
the  land  it  occupies  being  plowed  and  set  with  plants  as  soon  as  the  rest  of 
the  field  is  finished.  After  the  plot  is  made  fine,  and  fertilized  as  for  the 
crop,  the  seed  is  put  in  with  a  hand  drill  in  rows  eighteen  to  twenty- 
two  inches  apart,  to  make  horse-cultivation  possible.  It  is  not  wise  to 
crowd  the  plants  as  much  as  with  cauliflower,  since  any  shedding  of 
the  lower  leaves  means  loss  in  the  early  crop,  as  a  sprout  forms  in  each 
leaf -axil.  With  such  spacing  no  hand-weeding  is  done ;  the  weeds  which 
grow  in  the  rows  are  lifted  with  the  plants  and  rejected  as  the  latter 
are  sorted. 

Allow  four  ounces  of  seed  per  acre,  and  five  weeks  from  seeding 
to  produce  plants  of  the  proper  size  for  setting.  The  sowing  for  the 
early  crop  is  made  from  May  10  to  15,  bringing  the  setting  about  June 
20;  and  for  the  late  crop  from  June  15  to  as  late  as  July  10.  Three 
sowings  are  frequently  made  by  the  same  grower  at  intervals  of  two 
weeks.  The  plants  at  the  time  of  setting  should  be  six  to  eight  inches 
high,  and  stocky. 
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setting  out  the  plants 

For  the  early  crop  plants  are  set  out  in  the  latter  part  of  June  or 
early  July,  and  for  the  late  from  July  20  to  August  15,  most  of  them 
going  out  about  the  first  of  August.  Planting  by  machine  has  been  tried 
by  a  number  of  growers,  but  practically  all  have  fallen  back  on  planting 
by  hand  as  more  reliable  and  giving  better  results.  The  machine  would 
succeed  under  the  proper  conditions,  but  these  it  seems  impracticable 
to  meet.  That  is,  when  sprouts  follow  early  potatoes  the  ground  is  very 
dry  at  setting  time,  and  needs  more  thorough  wetting  than  the  machine 
affords.  Then,  too,  to  succeed  with  a  machine  one  needs  a  heavy,  slow 
and  steady  team,  a  skillful  driver,  and  two  careful  and  accurate  men 
to  ride  behind. 

The  ground  is  marked  in  checks  3  x  2^  feet,  or  less  commonly  3x3, 
or  3  X  I J^  feet.  The  latter  distance  is  too  close.  At  the  first  named 
distance  5,808  plants  are  required  for  an  acre.  The  holes  are  made 
with  a  hoe  and  soaked  with  water,  and  the  mud  is  plastered  over  the  roots 
in  the  same  way  as  already  described  for  cauliflowers.  Twenty  barrels 
of  water  an  acre  are  required  for  setting  in  a  dry  time. 

FERTILIZATION  AND  CULTIVATION 

A  commercial  fertilizer  is  always  used  on  sprouts,  though  when  the 
latter  succeed  potatoes  the  same  year  the  fertilizer  is  applied  to  the  pota- 
toes. If  the  land  has  been  spread  with  bunkers  the  preceding  fall,  one-half 
ton  of  4-8-7  fertilizer  is  sufficient  on  the  potatoes;  otherwise  1,500  t.i 
2,000  pounds  should  be  used.  If  the  land  is  saved  for  sprouts,  the  same 
amounts  of  the  4-8-7  or  of  the  6-8-5  2ire  used  just  before  setting.  One 
grower  obtained  one  of  his  best  crops  when  he  used  three-fifths  of  a  ton 
of  Lister's  potato  fertilizer  and  one-half  ton  of  fish  scrap,  on  land  saved 
for  the  crop.  The  land  was  in  sod  the  preceding  year.  The  I.  P. 
Thomas  potato  fertilizer,  at  one  to  one  and  one-fourth  tons  per  acre,  is 
also  liked  for  sprouts.  Every  other  year  the  land  should  have  a  spread- 
ing of  stable  manure  at  the  rate  of  100  to  150  dump-loads  ( 16  to  24  tons) 
per  acre. 

Bunkers  when  obtainable  cost  $1.50  a  thousand.  They  do  not  be- 
come so  quickly  available  as  fish  scrap,  but  the  blood  and  juices  go  into 
the  soil,  and  the  fertilizing  materials  come  considerably  cheaper  in  this 
form.  It  takes  about  14,000  bunkers  to  make  a  ton  of  fish  scrap  anaWz- 
ing  10  per  cent,  ammonia  and  6  per  cent,  phosphoric  acid,  yet  the  scrap 
sells  for  $35.00  a  ton. 

Swamp  muck  from  the  salt  marshes  is  being  used  on  sprout  ground 
by  one  grower  at  the  rate  of  10  spreader-loads  per  acre.  It  is  dug  with 
a  steam  shovel,  sprinkled  with  ground  phosphate  rock,  and  shredded  by 
running  through  a  rotary  ice  chopper.    The  material,  which  is  black  as 
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coal,  consists  of  a  mass  of  fine  roots  and  ought  greatly  to  increase  the 
retentiveness  of  the  soil ;  but  it  has  not  been  in  use  long  enough  to  demon- 
strate its  value.    A  sample  shows  the  following  analysis : 

Water 6.9    ^ 

Organic  matter 45  •  49  5^ 

Nitrogen ^-^7  ^ 

Phosphoric  acid  ( P^OO 0795^ 

Potash  (K3O) 586^ 

Calcium  oxid .  703^ 

Chlorine 5-53  ^ 

Shallow  cultivation  should  be  given  after  rains  and  about  once  a 
week  in  dry  weather,  as  described  for  cauliflowers. 


Fig.  122.    Skinner  system  of  irrigation. 


IRRIGATION 

Irrigation  of  sprouts  is  being  tried  this  year  for  the  first  time  at 
the  eastern  end  by  Mr.  L.  H.  Hallock  of  Orient.  About  an  acre  of  sprouts 
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are  being  watered  by  the  Skinner  system  of  overhead  pipes  set  with 
tiny  nozzles  (Fig.  122).  The  runs  of  pipe  are  800  feet  long  and  50 
feet  apart,  supported  on  pipe  columns  about  6J/2  feet  high.     A  space 


Fig.  123.    Field  of  sprouts  nearly  ready  for  harvest. 

25  feet  wide  on  either  side  of  the  pipe  can  easily  be  watered  by  this 
arrangement.  The  plants  under  irrigation  were  set  out  about  August 
iSth,  following  early  carrots.  They  were  well  watered  as  soon  as  set, 
and  have  had  waterings  every  week  since,  except  when  it  rained.     The 


W'         '^S^^ll 

Fig.  124.     The  result  of  not  harvesting  loiver  sprouts  when  mature  is  shown  by  the 

plant  at  the  left.    The  lower  sprouts  were  picked  from  the  plant  at  the  right 

while  it  stood  in  the  field. 

water  was  allowed  to  run  about  five  hours  each  time,  amounting  to 
half  an  inch.  This  sort  of  irrigation  also  has  the  advantage  of  knock- 
ing the  lice  oflf  the  plants. 
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HARVESTING 

Harvesting  begins  as  early  as  the  middle  of  September  from  the 
plants  set  in  June,  but  the  shipments  are  light  until  well  into  October. 
Early  sprouts  should  be  picked  over  two  or  three  times  in  the  field, 
the  lowest  sprouts  being  taken  each  time,  otherwise  these  will  open  out 
and  become  yellow  (Fig.  124),  or  rot  if  the  weather  is  warm.  The 
first  picking  must  be  done  when  the  outer  leaves  of  the  V^west  sprouts 
begin  to  turn  yellow.  In  picking,  the  leaf  subtending  the  sprout  is  broken 
away,  so  that  when  the  time  comes  for  cutting  the  olanls  the  early  ones 
will  show  from  several  inches  to  a  foot  of  bare  stem.  \s  these  lower 
leaves  and  sprouts  are  removed  the  plant  continues  to  push  up  and  form 
new  leaves  at  the  top,  and  the  upper  sprouts  also  fill  out  better,  so  that 
the  yield  of  sprouts  at  the  final  cutting  is  about  as  gieat  as  though  no 
picking  had  been  done.  When  a  sprout  is  ready  to  pick  it  readily  breaks 
away  from  the  stump;  otherwise  it  clings  tenaciously.  These  early 
sprouts  are  picked  into  bags  and  carried  to  the  packing  house  or  "  sprout 
house,"  where  they  are  packed  in  berry-boxes  in  the  manner  described  in 
a  following  paragraph. 

As  freezing  weather  sets  in,  usually  early  in  DeceniDer,  the  plants 
are  cut  off  near  the  ground  with  a  corn  hoe  and  hauled  to  some  con- 
venient place  near  the  packing  shed  for  stacking.  The  manner  of  loading 
the  plants  is  shown  in  Fig.  125.  A  somewhat  sheltered  place,  as  an 
orchard,  makes  an  excellent 
stacking  ground,  for  the  cold 
winds  of  winter  are  more 
likely  to  injure  the  sprouts 
than  mere  frost.  The  plants 
are  stood  upright  on  the 
ground  as  close  together  as 
possible,  and  a  light  covering 
of  seaweed  placed  over  them.  Fig.  125.  Load  of  sprouts  on  the  way  to  the 
A  few  inches  of  this  material  stacking  ground. 

affords  admirable  protection,  for  it  is  too  porous  to  cause  heating,  yet 
an  excellent  insulator.  It  should  be  dry  when  used.  A  covering  of 
soil  is  much  too  heating.  Freezing  does  not  injure  the  sprouts  if  they 
are  thawed  gradually  before  handling,  as  in  a  cellar,  but  alternate  freez- 
ing and  thawing  spoils  them.  A  few  growers  trim  off  some  of  the 
lower  leaves  before  hauling  from  the  field,  but  most  of  them  put  the 
plants  in  the  stack  without  trimming.  The  stacks  are  only  one  layer  deep, 
and  are  commonly  made  about  a  rod  wide,  and  as  long  as  required. 
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After  the  plants  are  stacked  the  sprouts  may  be  picked  at  leisure 
through  the  winter,  adjusting  the  work  to  the  markets  and  the  steady 
employment  of  labor.  The  packing  houses  are  provided  with  heat  and 
light;  when  other  tasks  fill  the  day  the  picking  is  often  done  at  night, 
from  half  past  five  to  ten  or  eleven  o'clock.  Early  sprouts  especially  are 
packed  at  night,  the  day  being  consumed  in  picking  them.  Upon  being  re- 
moved from  the  stack,  the 
plants  are  divested  of  leaves 
and  tops,  and  merely  the 
stumps  with  sprouts  at- 
tached are  brought  to  the 
house.  The  pickers  sit  at  a 
table  with  sprouts  and  berr}- 
boxes  before  them.  The 
sprouts  are  removed  from 
the  stump  with  a  small 
knife,  such  knives  as  paring. 
buddiiig,  shoemakers'  and 
jack-knives  being  variously 
employed  for  this  purpose. 
It  is  usually  necessary  to  cut 
through  the  leaf-base  in  or- 
der to  sever  a  sprout.  Fig.  126  shows  stumps  from  which  the  sprout> 
have  been  cut.  These  are  found  to  be  good  feed  for  stock,  and  are 
largely  employed 
for  that  purpose. 
The  sprouts  hav- 
ing been  removed 
from  the  stump, 
they  are  "shucked'' 
or  freed  from  the 
outer  dry  or  yel- 
low leaves,  and 
placed  in  quart 
berry  baskets,  the 
looser  heads  going 
into  the  bottom, 
and  the  smooth,  firm  ones  on  top,  allowing  a  crown  of  an  inch  or  two 
above  the  rim  of  the  box  (Figs  127  and  128).  Little  attempt  is  made 
at  sizing,  but  occasionally  the  small  hard  sprouts  are  packed  by 
themselves  (Fig.  129). 


Fig.  126.    Stumps  from  which  the  sprouts  have 
been  cut. 


Fig.  127. 


Fancy  sprouts,  showing  grading  and  packing 
practiced  by  the   best  growers. 
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In  the  earlier  part  of  the  season,  when  the  sprouts  run  larger  and 
with  fewer  culls,  the  common  price  paid  for  picking  and  packing  is  two 
cents    a    quart;   and  at  that   rate   a   man   working  an   evening   from 


Fig.  128.    Perfect  sprouts  well  packed. 

5:30  to  11:00  can  sometimes  make  $1.25.  If  the  sprouts  were  poor 
he  could  not  make  over  two-thirds  of  this  amount.  In  the  winter  the 
pickers  often  insist  on  being  paid  by  the  day,  the  common  rate  being  one 
dollar,  but  a  good  picker  can  usually  do  better  at  piece-work,  for  he 
can  average  two  bushels  or  sixty-four  quarts  a  day. 

When  the  boxes  are  packed  they  are  set  in  32,  48,  or  60-quart  crates 
for  shipment,  the  second  size  being  the  favorite  for  all  but  the  earliest 
sprouts,  which  seem  to  sell  a  little  better  in  the  smallest  package.  This 
crate  is  shown  in  Fig.  129.     The  60-quart  package  is  a  little  too  large 


Fig.  129.    Sprouts  packed  in  32'basket  crate.     Small  but  well  graded. 

for  market  requirements,  moving  a  little  slowly,  and  is  now  almost 
entirely  abandoned  for  the  48-quart,  on  which  the  express  charge  is 
relatively  less  than  on  the  32-quart  crate. 

Sprouts  are  picked  all  winter,  the  very  last  of  them  going  to  market 
as  late  as  April  i ;  but  nearly  everything  has  commonly  gone  by  March  i. 
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Mr.  L.  H.  Hallock  has  tried  freezing  sprouts  by  embedding  them  in 
cracked  ice,  in  order  to  hold  them  for  the  spring  market,  but  found 
it  impracticable  to  keep  them  frozen  in  an  ordinary  ice-house.  With 
mechanical  refrigeration  the  matter  would  be  simpler,  and  doubtless 
will  soon  be  employed.  The  frozen  sprouts  come  out  in  excellent  con- 
dition when  thawed  gradually. 

VIEU>S,   PRICES,  AND   PROFITS 

Two  thousand  quarts  per  acre  is  considered  a  fair  yield  for  late 
sprouts,  used  as  a  succession  crop,  but  the  best  growers  will  not  infre- 
quently harvest  as  many  as  2,500.  In  the  case  of  early  sprouts,  when  the 
land  has  been  saved  for  them  and  part  of  the  crop  harvested  in  the  field, 
4,000  quarts  can  be  picked,  but  this  is  more  than  ordinary.  Even  as  high 
as  5,500  quarts  have  been  raised  on  an  acre. 

The  price  per  quart  ranges  from  as  low  as  four  cents  to  as  high  as 
twenty-five.  The  prices  previous  to  Thanksgiving  are  commonly  low, 
but  advance  with  the  winter  season  till  they  reach  their  highest  late 
in  February  or  early  in  March.  The  average  price  is  perhaps  some- 
where between  ten  and  fourteen  cents.  One  large  grower  found  that 
an  acre  of  early  sprouts  in  1908  brought  a  gross  return  of  $400,  the 
sprouts  selling  at  fifteen  to  sixteen  cents  a  quart.  A  return  nearly  as 
great  is  not  uncommon  with  late  sprouts. 

The  expense  '^f  producing  an  acre  of  sprouts  is  approximately  as 
follows : 

Moderate.  Liberal. 

Rent  of  land  ($175  — $200  per  acre) $15  00  $15  00 

Plowing  and  harrowing 2  00  3  00 

Seed,  3  to  4  oz i  80  2  40 

Seed-bed  (labor  and  fertilizer) 2  00  2  50 

Marking  field  and  applying  fertilizer 2  00  2  50 

Fertilizer  (1,500-2,000  lbs.)   22  50  32  00 

Setting  out  plants  2  50  3  50 

Cultivation 400  500 

Interest  and  depreciation  on  tools 200  400 

Harvesting  and  stacking • 8  00  12  00 

Picking  and  packing 40  00  75  00 

Crates  and  nails 20  00  30  00 

Hauling  to  station 400  800 

Total $125  80      $194  90 

The  sprouts  grown  at  Orient  are  all  hauled  to  Greenport  (four  to  five 
miles),  and  shipped  to  New  York  by  express.  The  express  charge  on 
a  32-quart  crate  is  35  cents,  and  45  cents  on  a  48Hquart  SR^oqIc 
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INSECTS    AND   DISEASES 

These  are  the  same  as  those  which  attack  the  cauliflower,  and  have 
already  been  dealt  with  in  Part  I. 

SEED-GROWING 

Selecting  mother  plants.  Just  before  cutting  the  plants,  or  picking 
the  bottom  sprouts  in  case  this  is  done  before  cutting,  a  competent  per- 
son should  go  through  the  field  to  select  the  seed  plants.  Two  rows 
can  be  examined  at  a  time,  and  the  plants  as  selected  can  be  pulled  and 
thrown  between  the  rows.  Later  the  plants  from  four  rows  can  be 
thrown  into  one,  and  left  to  lie  until  the  crop  is  harvested  or  freezing  is 
threatened.  The  person  selecting,  the  plants  should  have  clearly  in 
mind  the  ideal,  and  select  only  those  which  approach  it  much  more 
closely  than  the  average  of  the  field.  Among  the  most  important  char- 
acters to  be  sought  are  the  following: 

I.  Hard,  firm,  medium-sized  sprouts. 

Close,  compact  arrangement  around  the  stem,  completely  cov- 
ering it  from  the  ground  well  up  to  the  head. 

3.  Medium  height.  Too  tall  a  plant  exposes  the  sprouts  more  to 
frost. 

4.  Small  head  or  rosette  at  top. 

5.  Dark  green  color.     Such  plants  are  more  resistant  to  frost. 
Storing  the  plants.    When  the  advance  of  winter  makes  it  necessary 

to  protect  the  mother  plants,  they  are  trimmed  by  removing  the  lower 
leaves  (the  upper  ones  must  be  left  to  ensure  good  growth  the 
following  season)  and  are  placed  in  a  shed,  cellar  or  trench. 
Most  growers  now  prefer  a  shed  or  barn,  as  cellars  generally  prove 
too  warm,  and  trenches  do  not  admit  of  easy  examination,  or 
the  removal  of  decaying  plants.  Tf  e  storage  building  must  be 
sufficiently  tight  to  prevent  the  plants  freezing,  for  though  a 
slightly  frozen  plant  may  produce  a  good  seed  stalk  so  long  as  .the  head 
of  the  plant  is  not  frozen,  its  vitality  is  likely  to  be  weakened,  and  the 
danger  to  the  head  itself  is  too  great.  On  the  other  hand,  it  is  very 
important  to  keep  the  plants  from  heating",  for  yellowing  of  leaves  and 
decay  quickly  follow  a  mild  temperature.  Neither  must  the  plants  be 
allowed  to  grow.  Ventilation  must  be  provided  for,  and  the  doors  and 
windows  opened  whenever  the  outside  temperature  is  above  freezing. 
The  plants  are  best  heeled-in  in  shallow  trenches,  setting  a  double  row 
and  leaving  an  interval  of  about  ten  inches  between  the  double  rows. 
This  permits  free  circulation  of  air,  and  is  much  better  than  crowding 
all  together  in  a  compact  mass,  as  when  stacking  to  cover  for  the  winter 
market.     Occasionally  a  pail  or  two  of  water  should  be  
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the  plants  to  prevent  too  much  drying  of  the  soil.  The  plants  should 
come  out  in  the  spring  as  bright  and  green  as  when  they  went  in, 
without  any  signs  of  yellowing. 

Plants  stored  in  cellars  are  troublesome  to  handle,  because  it  is 
difficult  to  secure  proper  ventilation  and  control  the  temperature.  The 
heat  and  moisture  are  likely  to  cause  yellowing,  if  not  downright  decay. 
Such  conditions  also  favor  the  white  mold  (Alternaria  brassiae  (Berk.) 
Sacc.)  the  most  dreaded  of  all  storage  troubles.  Once  it  has  a  foot- 
hold it  destroys  swiftly  and  surely.  The  sprouts  near  the  base  should  be 
removed,  for  they  usually  rot  if  left,  and  sometimes  cause  the  stump 
to  rot. 

Sheds  with  the  floor  about  two  feet  below  the  surface  of  the  ground 
are  found  to  be  desirable  for  storage.  One  grower  has  such  a  house 
12  X  65  feet,  the  walls  being  insulated  with  a  six-inch  layer  of  sea- 
weed. In  setting  the  plants  a  path  is  left  through  the  center.  Since 
so  many  plants  are  handled,  this  grower  does  not  take  time  to  trim  ott 
any  of  the  leaves,  but  finds  it  necessary  to  pick  off  the  yellow  leave- 
about  the  first  of  March,  or  earlier  if  the  weather  has  been  warm. 

The  plants  can  also  be  wintered  in  trenches.  It  is  the  practice  to  dig 
a  trench  a  little  wider  than  a  spade,  and  deep  enough  so  that  the  plants 
will  come  just  flush  with  the  ground  when  stood  up  in  the  trench.  The 
plants  are  then  packed  in  it  in  a  double  row,  so  that  the  trench  is  com- 
pletely filled.  No  covering  is  put  on  at  any  time.  One  grower  who  re- 
cently stored  about  fifty  plants  this  way  brought  only  about  half  througr 
to  actual  seed-bearing. 

Coldf rames  are  alsa  successfully  used  for  storing. 

Setting  out.  As  soon  as  the  ground  can  be  prepared  in  the  spring, 
(usually  from  the  first  to  the  tenth  of  April)  the  plants  are  set  out  m 
rows  about  three  and  one-half  feet  apart,  and  about  two  and  one-hal: 
feet  apart  in  the  row.  The  sprouts  soon  expand,  and  a  few  of  the  large 
ones  near  the  base  will  produce  flowering  shoots,  but  the  chief  growth 
IS  made  from  the  terminal  bud.  A  tall,  branching  flower  stem  is  thrown 
up  from  this  bud,  and  the  first  mature  seed  pods  appear  in  the  latter 
part  of  July.  The  ripening  is  uneven  over  the  field,  and  even  on  the 
same  plant,  so  that  no  method  of  gathering  is  feasible  other  than  pick- 
ing by  hand.  The  seed-stalks  are  clipped  with  small  shears  an! 
crowded  into  a  barrel  which  the  picker  carries  along.  This  recep- 
tacle is  a  little  cumbersome,  but  effectually  prevents  any  waste  by  the 
inevitable  shelling  out  of  the  seed.  The  seed  stalks  are  pressed  an<: 
trod  into  the  barrel  until  it  can  hold  no  more,  and  it  may  then  be  st: 
aside  until  a  convenient  time  for  cleaning  the  seed,  in  case  the  stalks  arc 
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very  dry;  but  usually  it  is  safer  to  remove  the  stalks  from  the  barrel 
and  dry  them  in  the  sun  for  a  few  days,  spreading  them  on  a  blanket  or 
canvas.  The  pods  are  then  readily  stripped  from  the  stalks  by  drawing 
through  the  hand,  and  this  same  operation  shells  practically  all  the  seed 
from  the  pods.  The  seed  is  readily  shaken  to  the  bottom  on  the  blanket 
or  in  the  barrel,  and  easily  cleaned  by  pouring  from  a  pail  when  a 
breeze  is  blowing.  This  seed  is  obtained  a  little  too  late  for  planting  in 
the  same  season,  and  is  used  nearly  a  year  later.  Two-year-old  seed  is 
frequently  used  in  event  of  the  failure  of  the  seed  crop,  for  most 
growers  retain  enough  annually  to  provide  for  such  an  emergency. 
The  older  seed  germinates  a  little  more  slowly  than  the  fresh,  but  is 
otherwise  just  as  good,  and  the  extra  day  or  two  is  of  no  moment. 

Under  no  circumstances  would  one  of  these  growers  resort  to  the 
ordinary  stocks  of  seeds  on  the  market,  as  these  have  been  tried  re- 
peatedly in  a  small  way,  and  always  proved  disappointing ;  the  plants  have 
usually  been  tall  and  vigorous,  but  with  only  a   few   soft,   scattering 


Fig.  130.    Desirable  and  undesirable  strains.    No  sprouts  haze  been  cut  from 

any  of  the  plants. 

sprouts,  or  none  at  all.  Fig.  130  shows  the  contrast.  The  Long  Island 
seed  is  immensely  superior  to  the  ordinary  stock  and  undoubtedly 
the  best  in  the  country,  if  not  in  the  world.  It  is  apparently 
too  high-priced  for  the  dealers,  bringing  locally  fifty  to  seventy-five 
cents  an  ounce,  while  the  prevailing  wholesale  price  elsewhere  is  about 
fifteen  cents.  It  is  scarcely  necessary  to  add  that  the  seed  is  easily  worth 
the  difference.  It  used  to  bring  sixteen  dollars  a  pound.  One  hundred 
plants  will  in  good  seasons  produce  ten  to  fifteen  pounds  of  seed,  or  at 
the  rate  of  500  to  750  pounds  per  acre. 
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CAULIFLOWER  BIBLIOGRAPHY 

1889.    Cabbage  and  cauliflower  seed  from  Puget  Sound. — ^W.  J.  Green  (Ohio  Bui. 
Vol.  2,  No.  7  (2d  sfr.). 

1889.  Cabbage  and  cauliflower.— W.  J.  Green  (Ohio  Bui.  14,  pp.  183-185). 

Comparison  of  varieties,  and  Puget  Sound  seed. 

1890.  Comparative  tests  of  small  fruits  and  vegetables. —  G.  Coote  (Ore.  Bui.  7, 

p.  12). 

Four  varieties. 
1890.    Experiments  with  vegetables. —  E.  S.  Richman  and  A.  F.  Cory   (Ark.  Rpt. 
2  (1889).  pp.  82-104). 
Twelve  varieties  tested. 
1890.    Vegetables,  tests  of  varieties  and  methods  of  culture. —  L.  R.  Taft  (Mich. 

Bui.  57.  pp.  36,  Z7)- 

Tabulated  notes   on  ten  varieties. 
1890.    Notes  on  new  varieties  of  vegetables. —  G.  C.  Butz  (Penn.  Bui.  10,  pp.  9-15). 

Five  varieties. 
1890.    American  grown  cauliflower  seed. —  S.  B.  Green  (Minn.  Bui.  12,  p.  126). 

State  of   Washington   seed   worthy  of   further   trial. 

1890.  Onions,  cabbages,  cauliflowers,  and  lettuce. —  C.  E.  Hunn  (N.  Y.  State  Rpt 

8  (1889),  pp.  3Z^m)- 
Four  varieties,  cauliflower. 

1891.  The  cauliflower.— A.  A.  Crozier   (New  York:  The  Rural  Publishing  Co., 

1891,  pp.  230,  figs.  2), 
1891.    New  varieties  of  fruits  and  vegetables.— L.  F.  Kinney  (R.  I.  Rpt.  3  (1890), 

pp.  157-162). 
1891.    Experiments  with  garden  vegetables. —  E.  S.  Richman  (Utah  Bui.  3,  p.  8). 

Notes  on  six  varieties. 
1891.    Tests  of  vegetables  for  1890.— G.  C.  Butz  (Penn.  Bui.  14,  p.  15). 

Four  varieties. 
1891.    Tests  of  vegetables.— W.  B.  Alwood  (Va.  Bui.  11,  pp.  30,  31). 
Thirty  varieties  tested. 

1891.  Cabbages  and  cauliflowers,  imported  vs.  American  seed. —  P.  Collier  (N.  Y. 

State  Bui.  30,  pp.  465-470). 

Long  Island  and  Puget  Sound  seed  not  inferior  to  imported. 

1892.  Testing  the  vitality  of  seeds. —  W.  Saunders    (Canadian  Exp.  Farms,  Rpt. 

for  1892,  pp.  41.  42). 
Three  tests:  highest  per  cent,  60;  lowest,  19  per  cent.;  average,  42.^  per  cent. 
I&9i?.    lixperiments  with  vegetables  and  fruits. —  (Colo.  Sta.  Rpt.   1891,  pp.   17-20, 
104-111,  117-119). 
Brief  account  of  experiments  with  varieties. 
1892.    Tests  of  vegetables. —  G.  Coote  (Ore.  Bui.  15,  p.  16). 

Six  varieties^  of  cauliflower  tested. 
1892.    Experiments  in  horliculture  at   Canadian    Stations.  —  J.   Craig  and  T.   A. 
Sharpe   (Canadian  Exp.  Farms  Rpt.  1891,  pp.  11 6-148,  269-340). 
Tabulated  and  descriptive  notes. 
1892.     Second  report  on  electro-horticulture. —  L.  H.  Bailey   (N.  Y.  Cornell   Bui. 
42,  pp.  133-146,  fig.  4). 
Tended  to  grow  taller    under  electric  light. 

1892.  Report  of  horticulturist.— E.  S.  Richman  (Utah  Rpt.  2  (1891),  pp.  51-59). 

Sixteen  varieties  tested. 

1893.  Experiments  with  cauliflowers. —  J.  Craig  (Canadian  Exp.  Farms  Rpt.  1893. 

pp.  118,  119. 

Notes  and  tabulated  data  on  twenty-eight  varieties.     Gilt  Edce.  Snowball,  and  Giant 
White   Pearl  best  earlies;   Large   Algiers  and  Autumn   Giant,   best  later. 
1893.    Third  report  on  electro-horticulture. —  L.  H.  Bailey  (N.  Y.  Cornell  Bui.  55. 
pp.  127-138). 

Effect  of  screened  light. 

**      "        naked      *'       at  different  distances. 
1893.    Variety  tests  of  vegetables.— L.  R.  Taft  et  al.  (Mich.  Bui.  109,  pp.  4^-65). 

Eleven  varieties  tested. 
1893.     Report  of  the  horticulturist.— W.   M.  Munson    (Maine  Sta.  Rpt.   1893,   pp. 
101-144,  figs.  2). 

Cauliflowers,  pp.  io«;-iit.    Chiefly  reprint  of  Bui.    10,    but    also    effect    of    trimming. 
pots  vs.   boxes,   test  of  thirty  varieties,  etc. 

1893.     Miscellaneous  vegetables.— T.  A.  Sharpe   (Canadian  Exp.  Farms  Rpt.   1893. 

pp.  zz^.  337). 

Notes. 
1893.    Cauliflowers.— W.  M.  Munson  (Me.  Bui.  10,  2  ser.,  pp.  4>^  j 
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1893.    Experiments  with  vegetables. —  H.  A.  Morgan  and  F.  H.  Burnette  (La.  Bui. 
22,  2  ser.,  pp.  692-720). 
Three  varieties  tested. 
1893.    Winter  cauliflowers. —  L.  H.  Bailey  (N.  Y.  Cornell  Bui.  55,  pp.  139-143). 

1893.  Vegetables.— S.  A.  Bedford  (Canadian  Exp.  Farms  Rpt.  1893,  PP-  267-269). 

Notes  and  tabulated  data  on  varieties. 

1894.  Garden  notes  for  1893. —  C.  S.  Crandall  and  M.  J.  Huffington  (Colo.  Bui.  26, 

pp.  n-24). 
Notes  on  five  varieties. 

1895.  Further  notes  on  injurious  insects. —  W.  E.  Britton  (Conn.  State  Sta.  Rpt. 

1895.  pp.  203-213.  pis.  2.  figs.  3). 
Leaf  miner   iDrosophila  Aaveola). 
1895.    Variety  tests  in  British  Columbia.— T.  A.  Sharpe   (Canadian  Exp.  Farms 

Rpt.  1895,  pp.  387-411,  fig.  i). 
1895.     Vegetables.— F.  VV..  Rane  (W.  Va.  Bui.  39,  pp.  137-156,  fig.  8). 

Cultural  notes  and  tabulated  data  on  twelve  varieties. 
1895.     Vegetable  novelties  and  notions.— L   R.  Taft,   H.   P.   Gladden  and  U.  P. 
Hedrick  (Mich.  Bui.  120,  pp.  17-28). 
Eleven  varieties  tested. 
1895     Notes  on  vegetables.— G.  Coote  (Ore.  Bui.  34,  pp.  29-32). 

Comparative  descriptive  notes  on  two  varieties. 
1895.     Horticulture.— W.  C.  Stubbs  (La.  Bui.  36,  2  ser.,  pp.  1209-1286,  fig.  i). 

Tests:    notes  and  tabulated  data. 
1895.     How  to  grow  cabbages  and  cauliflowers  most  profitably.— J.  Pederson  and 
G.  H.  Howard  (Philadelphia:  W.  Atlee  Burpee  &  Co.,  1895,  PP-  85,  figs.  20). 
1895.     Irrigation  for  cabbage  and  cauliflower.- E.  S.  Goff   (Wis.  Sta.  Rpt.  1895, 
pp.  2937297,  fig.  i).. 

Irrigation    gave    considerable    increase    in    weight     and    per    cent,    heading;    season 
abnormally  dry. 

1895.    Experiments  with  cauliflower  in  the  greenhouse.—  M.  H.   Beckwith    (Del. 
Sta.  Rpt.  1895,  pp.  124-127). 
Surface  watering  vs.   subirrigation. 
Test  of  fertilizers. 
1895.    Variety  tests  of  vegetables,  flowers,  etc. — S.  A.  Bedford   (Canadian  Exp. 
Farms  Rpt.  1895.  pp.  316-326). 
•Year's  test  in  Manitoba. 
1895.    Variety  tests  of  vegetables  in  the  Northwest  Territories.- A.  Mackay  (Cana- 
dian Exp.  Farms  Rpt.  1895,  pp.  346-360). 
1895.    Variety    tests    of    vegetables    and    fruits.— W.    M.    Blair    (Canadian    Exp. 
Farms  Rpt.  1895,  PP-  270-277). 
Thirteen  varieties  tested. 

1895.  Vegetable  gardening  and  tests  of  vegetables. —  C.  L.  Newman  (Ark.  Bui.  34. 

pp.  99-124. 

Five  varieties  tested 

1896.  Forcing  cauliflower  with  lettuce  and  cucumbers.— H.  C.  Irish  (Proc.  Soc. 

Prom.  Agr.  Sci.,  1896,  pp.  41-47). 

Experiment  at  Missouri  Botanical  Garden. 
i8q6.    Garden  crops.— C.  P.  Fox  (Ida.  Bui.  10,  pp.  30-131,  figs.  63). 

Descriptions,   illustrations,   culture,   and   receipts  for  cooking. 
1896.    Vegetables  in  Washington.— J.  A.  Balmer  (Wash.  Bui.  19,  pp.  20). 

Ten  varieties:    culture  and  comparative  notes. 
1896.     Cauliflowers. —  (Journ.  Hort.,  1896,  No.  2467,  pp.  23,24). 

Early  spring  growing  in    England.     Started  under  glass. 
1896.    Irrigation  for  cabbages  and  cauliflowers.— E.  S.  Goff   (Wis.  Rpt.  i895»  PP- 
293-297,  pl.  I,  figs.  2). 

1896.  Horticulture:     Results   for  1895.— W.   C.   Stubbs,  F.   H.   Burnette  and  E. 

Watson   (La.  Bui.  42,  pp.  1503-1544). 
Tabulated  data  and  notes. 

1897.  A  new  disease  of   cauliflowers. —  Jour.    Agri.   and   Ind.,   So.   Australia,   i 

(1897),  No.  4.  p.  343). 
Root  disease,  due  to  Phoma  sp. 
1897.    A  bacterial  disease  of  cabbage  and  cauliflower. —  H.  L.  Russell  (Paper  read 
at  nth  annual  meeting  A.  A.  A.  C.  and  E.  E.,  1897). 
Yellow  pigment'forming  bacillus. 
1897.    Vegetable  growing.— S.  C.  Mason  and  W.  L.  Hall  (Kan.  Bui.  70,  pp.  i35- 
162,  pis.  5). 

Manure  at  rate  of  fifty  loads  per  acre  did  not  increase  yield  much,  ^i^havior  ui 
hot  weather.     Varieties.  Digitized  by  LrOOglC 
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1897.  Vegetable  gardening.—  (Ark.  Bui.  44,  pp.  48). 

Popular  directions   for  culture.       Experiments  conducted  at  Camden  sub-station  foi 
three  years. 

1898.  The  manuring  of  market  garden  crops. —  B.  Dyer,  (London :  Vinton  &  Co^ 

Ltd..  1808,  DD.  64). 
1898.    Report  of  the  horticulturist.— J.  F.  C.  DuPre   (S.  C.  Sta.  Rpt.   1898,  pp. 
22-36). 
Brief  notes. 
1898.    Vegetable  tests  for  1898.— L.  R.  Taft  ct  al.  (Mich.  Bui.  170,  pp.  251-283). 

Variety  tests. 
1898.    Forcing  vegetables. — A.  Herrington  (Amer.  Gard.  19  (1898),  No.   196,  pp. 
667,  558. 
Notes. 
1898.    Horticulture:    Results   for  1896-97  — W.   C.   Stubbs,  F.  H.   Bumettc  and 
E.  Watson  (La.  Bui.  52,  2  ser.,  pp.  285-332). 
Notes  and  tabulated  data. 
1898.    Garden  crops  in  the  James  River  Valley.— E,   C.  Chilcott  and  R.   S.   Roc 
(So.  Dak.  Bui.  61,  pp.  16-28,  pis.  2). 

Variety  test. 

1898.  Report  of  the  horticulturist.—  P.  H.  Rolfs  (Fla.  Sta.  Rpt.  1898*  pp.  3^54) 

Number  of  days  from  sowing  to  gathering. 

1899.  Leaf  scorch  of  the  sugar  beet,  cherry,  cauliflower  and  maple. —  F.  C.  Stewan 

(N.  Y.  State  Bui.  162,  pp.  165-178,  pis.  6). 
Scorching  due  to  sun. 
1899.    Green  house  production  of  market  garden  crops. —  W.  W.  Rawson   (N.  J 
State  Bd.  Agr.  Rpt.  1899,  pp.  I79~i90). 
Notes  on   forcing. 
1899.    The   effect   of   transplanting  on   time   of   maturity. —  F.   Cranefield    (Wis. 
Sta.  Rpt.  1899,  pp.  312-315). 
Transplanting  does  not  promote  earliness  or  increased  yield. 

1899.  Experiments  to  determine  the  amount  of  water  used  by  crops. —  H.   von 

Schrenck  and  H.  C.  Irish  (Proc.  Soc.  Prom.  Agr.  Sci.  1899,  pp.  g6,  97). 

Greenhouse  bench   and  pot  experiments. 

1900.  Vegetables.— A.  J.  McClatchie  (Ariz.  State  Rpt.  1900,  pp.  158-161). 

Variety  test. 
1900.    Cabbage- fertilizers,  varieties,  shipping;  cauliflower-varieties  and  shipping.— 
B.  C.  Pittuck  and  S.  A.  McHenry  (Tex.  Bui.  57,  p.  24,  figs.  14). 

1900.  Report   of   Beeville   Station   on  cabbages   and   cauliflower. —  B.   C.    Pittuck 

and  S.  A.  McHenry  (Tex.  Bui.  52,  pp.  42-52). 
Eight  varieties:     notes  on  germination,   growth,   yield,  character  and  quality. 

1901.  Fruits,    vegetables,    flowers    and    ornamental    shrubs    at    the    experimental 

farms  in  Canada. —  W.  T.  Macoun,  W.  S.  Blair,  S.  A.  Bedford,  A,  Mackay 
and  T.  A.  Sharpe  (Canadian  Exp.  Farms  Rpt.  1901,  pp.  87-135). 
1901.    Cauliflower. —  H.  H.  Hume  (Fla.  Bui.  59,  pp.  425-439,  pis.  2,  fig.  i). 

Culture,   fertilizing,  marketing. 
1901.    Cabbage,   cauliflower  and  allied  vegetables   from   seed   to  harvest. —  C.   L. 

Allen  (New  York:     Orange  Judd  Co.,  1901,  pp.  125,  figs.  27). 
1 901.    Report  on  the  fungus  diseases  studied  at  the  botanical  laboratory  of  the 
agricultural  institute  of  Gembloux  during  1900. —  E.  Marchal   (BuL   Agr. 
[Brussels]   17  (1901),  No.  i,  pp.  4-18,  figs.  5). 
Mildew:    Peronospora  Parasitica. 
Use  sawdust  saturated  with  copper  sulfate. 
1901.    A  co-operative  investigation  into  the  agricultural  seed  supply  of  Pennsyl- 
vania.—  G.  C.  Butz  (Penn.  Dept.  Agr.  Bui.  76,  pp.  50,  fig.  i). 
Examined   for  purity,  vitality  and  genuineness. 

1901.  Vegetables  in  South  Dakota. —  N.  E.  Hansen  and  W.  S.  Thornber  (So.  Dak. 

Bui.  68,  pp.  105-158,  pis.  12). 
Ten  varieties  tested. 

1902.  Department  of  horticulture  and  gardening. —  G.  Coote   (Ore.  Rpt.  1902,  pp. 

69-74). 
The  variety  *'  Dry  Weather  "  was  the  best  tested   in  three  years*  trials. 
1902.    A  selected  list  of  vegetables  for  the  garden.—  F.  W.  Rane  (N.  H.  BuL  99. 

pp.  25-43.  figs.  18). 
Recommends   Snowball  and  Erfurt 
1902.    Notes  on  Vegetables.— L.  R.  Taft  and  M.  L.  Dean    (Mich.  Bui.   196,   pp 
87-112). 

Five  varieties  tested. 
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1902.    A  bacterial  soft  rot  of  certain  cruciferous  plants. —  H.  A.   Harding  and 
F.  C.  Stewart  (Science,  n.  sen,  16  (1902),  No.  395^  pP-  314.  3i5)- 
Believed   to  be  due  to  an  organism  closely  related   to  Bacillus  carotovorus. 
1902.    A  preliminary  note  on  a  new  organism  producing  rot  in  cauliflower  and 
allied  plants.— F.  C.  Harrison  (Science,  n.  ser.,  16  (1902),  No.  39S»  P-  1S2). 
Interior  of  stem,  and  head  changed  to  a  dark  colored  soft  mass.     Name  proposed 
for  organism.  Bacillus  oUraceat. 
1902.    Field  experiments  on  the  manuring  of  vegetables  and  fruit  crops. —  F.  W.  E. 
Shrivell  and  B.  Dyer  (London:  Vinton  &  Co.,  Lt,  igo2,  pp.  88). 

Twelve  and  one-half  tons  manure,   with   light   dressing  of  phosphates   and  400  lbs. 
nitrate,  better  than  commercial  fertilizer  alone. 

1902.  The  Dutch  brined-vegetable  industry. —  R.  F.  Crawford  (London:  Bd.  Agr. 

1902,  pp.  ^,  pis.  6,  tigs.  3). 
Two  crops  grown  in  a  season. 

1903.  Temperature  in  relation  to  seed  germination. —  J.  B.  Reynolds   (Ont.  Agr. 

Coll.  and  Exp    Sta.  Farm  Rpt.  1903,  pp.  9-1 1,  tigs.  2). 
Best  germination  at  80  degrees,  but  vitality  impaired  at  a  higher  temperature. 
1903.    Combating  black  rot  of  cabbage  by  the  removal  of  affected  leaves. —  F.  C. 
Stewart  and  H.  A.  Harding  (N.  Y.  State  Sta.  Bui.  232,  pp.  43-64,  pis.  2). 
Spraying  cauliflower  with   resin-Bordeaux  is  promising  treatment. 
1903     Report   of   the   vegetables   pathologist— D.    McAlpine    (Jour.    Dept    Agr. 
Victoria,  2.(1903),  No.  3,  pp.  250-260). 

Brief  note  on  a'  disease  which  arises  in  seed  bed. 
1903     Cabbages  and  cauliflowers. —  (Amer.  Gard.  24  (1903),  No.  429,  pp.  i66-i68, 
figs.  4). 
Culture  at  American  Gardening  trial  grounds.     Description  of  five  varieties. 

1903  Cultivation  of  vegetables,  and  notes  on  varieties.—  G.  Coote  (Ore.  Bui.  74, 

p.  20). 

Popular  directions  for  culture. 

1903.  The  influence  of  electricity  on  vegetation.— F.   Paulin    (Ann.  Sta.  Agron. 

Oise  [France]    1903,  No.  35,  pp.  35-40). 

Matured  a  month  earlier  where  wires  were  run  under  rows. 

1904  A  bacterial  disease  of  cauliflower  and  allied  plants.—  F.  C.  Harrison  (On- 

tario Agr  Coll.  and  Exp.  Farm  Bui.  137,  pp.  32,  figs.  12). 
Rot  produced  by  Bacillus  oleraceae, 

1904.  Horticultural  work  at  the  Canadian  Experiment  Stations.— W.  J.  Macoun 

W.  S.  Blair,  S.  A.  Bedford,  A.  Mackay,  and  T.  A.  Sharpe  (Canadian  Exp. 
Farm  Rpts.  1904,  pp.  127,  128). 
Cauliflowers  under  cheese   cloth  tent. 
1904.    Report  of  the  horticulturist— B.   D.   Halsted    (N.  J.  Sta.   Rpt   1904,  pp. 
291-340,  pis.  4). 

Cauliflowers  in  the  greenhouse. 
1904.    Growing   cauliflower  seed  in   Denmark.—  (Amer.   Florist   22    (1904)*   No. 

824,  p.  :^o,  fig.  I). 
1904.    Report  of  the  botanist.— B.  D.  Halsted,  E.  J.  Owen  and  J.  K.  Shaw  (N.  J. 
Sta.  Rpt  1904,  pp.  447-553,  pls.  12,  figs.  3). 
Test  of  cauliflower  seed  from   Denmark,   Washington,  and  eastern  locality,   showed 
Washington  the  best. 
1904.    Culture  of  cauliflower  seed  in  Denmark. —  G.  Nyeland-Brandt   (Jardin,   18 
(1904)  No.  410,  PP  85,  86,  fig.  I). 
Eighty  per   cent,   of  seed  is  exported  to  America. 

1904.  Vegetables  under  cheesecloth. —  W.  T.  Macoun  (Gardening,  12   (1904)  No. 

273.  pp.  517.  518). 
Maggots   did  not  bother  plants  under   tent. 

1905.  A  bacterial  disease  of  cabbages,   cauliflower,   etc. —  G.   Delacroix    (Compt. 

Rend.  Acad.  Sci.  [Paris]  140  (1905)  No.  20,  pp.  1356-1358). 

Bacillus  brass  icaevorus. 
1905.    On   the    occurrence    of    Peronospora    parasitica    on    cauliflower. —  H.    von 
Schrenk  (Mo.  Bot  Gard.  Ann.  Rpt  16  (1905),  pp.  121-124,  pis.  3). 
Mildew  in  greenhouses. 
1905.    Notes   on  Pseudomonas  campestris. —  H.   A.   Harding  and   M.   J.   Prucha 

(Abs.  in  Science,  n.  ser.  21  (1905)  No.  535,  pp.  483,  484)- 
1905.    Tabulated  analyses  showing  amounts   of  plant-food  constituents  in   fruits, 
vegetables,  etc.— L.  L.  Van  Slyke,  O.  M.  Taylor,  and  W.  H.  Andrews 
(N.  Y.  State  Sta.  Bui.  265,  pp.  223-230). 
Cauliflower  analyzed. 
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1905.    A  disease  of  cauliflower  and  cabbage  caused  by  Sclerotinia. —  G.  G.  Hedg- 
cock  (Mo.  Bot.  Gard.  Ann.  Rpt.  16,  {1905)  pp.  149-152,  pis.  3»  %  0 
S.  libertiana,   a  rot 
1905.     Summary  of  experiments  in  practical  horticulture. —  W.  M.  Munson  (Maine 
Bui.  113,  pp.  21-27). 
Cauliflower  in   pots  vs.   boxes. 
Trimming  without  benefit. 
Cultivation  vs.  mulching. 

1905.  Report  of  the  horticultural  division.—  F.  W.  Card  and  M.  A.  Blake  (R.  I. 

Sta.  Rpt.  190S,  pp.  197^19,  pis.  4). 
Cauliflower  under  tents. 

1906.  Report  of  the  botanist   for  1906. —  G.    P.   Clinton   (Conn.   State  Sta.  Rpt. 

1906,  pt.  5,  pp.  307-368,  pis.  16). 
Brief  description   of  black  rot   {Pseudomonas  catnfestru). 
1906.    Report  of  the  horticultural  division. —  F.  W.  Card,  M.  A.  Blake  and  H.  L 
Barnes  (R.  I.  Sta.  Rpt.  1906,  pp.  I59-I75,  pls.  7). 
Cauliflower  grown  under  tents. 
1908.    Home  grown  cauliflowers  all  the  year  round. —  E.  D.  Darlington  (Garden 

Mag.  7  (1908)  No.  6,  pp.  326-328,  figs.  4). 
1908.    The  control  of  plant  diseases. —  H.  H.  Whetzel  and  F.  C.  Stewart  (N-  Y. 

Cornell  Bui.  252,  pp.  349-361,  figs.  15). 
1908.    Cabbages  and  cauliflowers:  how  to  grow  them. —  J.  J.  H.  Gregory  (Boston: 
The  author,  1908,  pp.  93,  figs.  21).     Rev.  ed. 

1908.  Notes  on  plant  diseases. —  G.  E.  Stone  (Mass.  Rpt.  1908,  pt.  i,  pp.  43.  44. 

46-61,  pi.  I). 
Bacterial  rot  of  cabbage  and  cauliflower. 

1909.  The  bacterial  soft  rots  of  certain  vegetables. — H.  A.  Harding,  \V.  J.  Morse, 

and  L.  R.  Jones  (N.  Y.  State  Tech.  Bui.  11,  pp.  251-368,  figs.  10). 
Bacillus  carotovorus. 
1909.    Report  of  investigation  of  cabbage  and  cauliflower  growing  in  Canada  and 
the  United  States. —  A.  McMeans  (Ann.  Rpt  Ontario  Veg.  Growers  Assn 
5  (1909),  pp.  60-98,  figs.  22). 
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1893.    Experiments  with  vegetables. —  H.  A.  Morgan  and  F.  A.  Bumette  (La.  Bui. 
22,  2nd  sen,  pp.  692-720). 
Two   varieties   tested. 

1895.  Horticulture. —  W.  C.  Stubbs  (La.  Bui.  36,  2nd  sen,  pp.  1209-1286,  fig.  i). 

Variety  tests. 

1896.  Vegetables  in  Washington. —  J.  A.  Balmer   (Wash.  Bui.  19,  p.  20). 

Cultural   and  comparative   notes. 

1897.  Report  of  the  horticulturist.—  P.  H.  Rolfs  (Fla.  Sta.  Rpt.  1898,  pp.  36-54^ 

Brief  notes. 

1898.  Horticulture:    Results  for  1896^7.— W.  C.  Stubbs,  F.  H.  Bumette  and  E 

Watson  (La.  Bui.  ^2,  2nd  ser.,  pp.  285-332). 
Notes  and  tabulated  data. 

1899.  Report  of  the  horticulturist.— J.  F.  C.  DuPre    (S.  C.   Sta.  Rpt.   1898,  PP- 

22-36) . 

Brief    notes. 

1901.  Cabbage,   cauliflower  and   allied  vegetables   from   seed   to  harvest. —  C.  L 

Allen  (New  York:  Orange  Judd  Co.,  1901,  pp.  125,  figs.  27). 
Commercial   and   garden    culture;    types    and   varieties. 

1902.  Notes  on  vegetables.— L.  R.   Taft  and  M.  L.  Dean    (Mich.  Bui.   196,  PP 

87-112). 
Five   varieties  tested. 
1902.     Fruits,    vegetables,    flowers    and    ornamental    shrubs    at    the    experimental 
farms  in  Canada. —  W.  T.  Macoun  et  al.   (Can.  Exp.  Farms  Rpts.,  190I' 

PP-  87-135)- 
Variety  tests. 
1902.     Experiments  in  hv'bridizing. —  (Indian  Gard.  and  Plant,  10  (1902)   No.  13, 
p.  218;  abs.  in  Standard). 

On   Sutton's  trial   Rrounds  kale,  sprouts,   broccoli   and  cabbaee  were  planted  in  one 
bed  to  see  if  they  would  cross.     Plants  from  these  seeds  showed  remarkable  varialions. 

1902.     Field  experiments  cm  the  manuring  of  vegetable  and  fruit  crops. —  F.  W.  E 
Shrivell  and  B.  Dyer  (London:  Vinlon  &  Co.,  Ltd.,  1902,  pp.  88). 
Heaviest    yield    obtained    by    using    twenty-five    tons    of    manure,    supplemented  hy 
200  lbs.   nitrate  of  soda,  with   potash  in  addition. 
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HOST  PLANTS 

Consideration  of  the  origin,  evolution,  distribution,  and  methods  of 
care  and  cultivation  of  the  plants  affected  by  a  specific  disease  is  often 
of  assistance  in  reaching  conclusions  as  to  the  origin  and  history  of 
the  disease  as  well  as  its  possible  distribution  and  economic  importance. 
In  few  cases  is  the  information  on  this  phase  of  the  subject  in  such 
accessible  form  as  in  the  case  of  the  crop  affected  by  the  Black  Rot. 
So  far  as  known,  the  Black  Rot  is  confined  to  members  of  the  family 
Vitaceae  and  becomes  of  economic  importance  only  on  cultivated 
varieties  of  the  genus  Vitis.  For  New  York,  and,  in  fact,  for  American 
conditions  generally,  except  the  South  and  extreme  West,  we  are  con- 
cerned with  the  development  only  of  those  species  of  the  grape  indig- 
enous to  North  America.  A  most  satisfactory  account  of  the  evolution 
of  our  commercial  varieties  of  grapes  is  found  in  Bailey's  "  The  Evolu- 
tion of  Our  Native  Fruits"  ('98),  in  which  126  pages  are  devoted  to 
"the  rise  of  the  American  grape."  This  author  states  (1.  c.  117) 
"  that  no  less  than  a  hundred  books  have  been  published  in  this  country 
on  the  grape."  This  does  not  include  a  monograph  by  Hedrick  (*o8) 
in  which  is  an  excellent  historical  account  of  the  American  grape  and 
the  grape  industry. 

From  these  sources,  we  learn  that  after  repeated  attempts  it  was 
found,  relatively  early  in  the  history  of  American  viticulture,  that  the 
European  grape  {Vitis  vinifera)  could  not  be  grown  successfully  in 
our  northern  latitudes  since  the  vine  was  not  hardy  nor  vigorous  enough 
to  withstand  our  cold  winters  nor  the  attacks  of  insect  pests  and  fun- 
gous diseases.  Attention  was  then  turned  to  American  species  as  a 
source  of  stock,  and  at  the  present  time  our  four  most  important  com- 
mercial varieties  are  derivatives  of  our  native  wild  species.  These 
varieties  are  Concord,  Niagara,  Catawba  and  Delaware.  The  latter 
is  thought  to  be  part  vinifera,  as  might  be  inferred  from  the  fact  that 
it  is  more  subject  to  Mildew  and  Phylloxera  than  the  others. 


♦Also  presented  before  the  Faculty  of  Cornell  University  May  28,  1909,  as 
a  major  thesis  in  partial  fulfilment  of  the  requirements  for  the  degree  of  Doctor 
of  Philosophy. 

('98)  Bailey,  L.  H.  Sketch  of  the  Evolution  of  our  Native  Fruits.  The 
Macmillan  Companv.  London,  1898,  xiii  and  1-472. 

('08)  Hednck.  U.  P.  The  Grapes  of  New  York.  Kept.  N.  Y.  (Geneva)  Agr. 
Exp.  Sta.  1907,  Part  II:  1-564.  1908.  Published  by  the  State  of  New  York  as 
Ann.  Rept  Dept  Agr.  15:  Vol.  3,  Part  II. 
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From  the  above  facts  we  would.be  led  to  expect  in  our  American  vines 
a  more  resistant  and  hardier  stock,  since  they  are  removed  only  a  short 
distance  irom  ancestors  that  have  grown  up  with  and  are  able  to  with- 
stand, to  a  certain  extent  at  least,  the  invasions  and  depredations  of 
native  pests  end  fungous  disorders.  However,  under  cultivation  and 
artificial  propagation,  and  especially  because  of  the  aggregation  of  a 
large  number  of  vines  in  a  vineyard,  many  more  opportunities  are 
offered  for  the  increased  propagation  and  wider  dissemination  of  insects 
and  fungous  enemies. 

ECONOMIC    IMPORTANCE   OF  THE   GRAPE    INDUSTRY 

Notwithstanding  the  relatively  restricted  localities  in  which  grapes 
can  be  grown  in  the  State  of  New  York,  the  industry  is  of  considerable 
economic  importance.  Figures  are  of  interest  in  this  connection.  In  the 
census  report  for  1900,  we  find  that  New  York  ranks  second  only  to  Cali- 
fornia in  the  total  value  of  the  grape  crop.  The  California  conditions  are 
such  that  it  is  possible  to  grow  the  vinif  erous  varieties  there,  consequently 
the  production  of  wine  and  raisins  is  very  large,  in  addition  to  the  large 
number  of  grapes  grown  for  eating  out  of  hand.  In  New  York,  the 
total  value  of  the  grape  crop  in  1900,  including  the  then  relatively  small 
amount  of  juice  produced,  was  $2,763,711.  The  following  table,  taken 
from  the  same  source,  shows  the  relative  value  of  the  grape  and  other 
crops : 

Hay  and  forage  crops,  $55,237,446 

Corn,  20.024,850 

Potatoes.  iS»oi9,i3S 

Oats,  12,929,092 

Wheat,  7,332,597 

All  orchard  products,  including  apples,  apricots, 

cherries,  peaches,  pears,  plums  and  prunes,              10,542,272 

All  forest,  7,621,108 

Grape,  2,763,711 

Tobacco,  1,172,236 

Unfortunately,  statistics  regarding  the  value  of  the  various  orchard 
products  are  not  made  separately,  but  it  is  evident  that  grape  raising  is 
one  of  the  important  fruit  industries  of  the  State.  The  Chautauqua 
grape  belt  alone  in  western  New  York  is  estimated  to  cover  30,000  acres 
at  the  present  time,  and  according  to  Prof.  Hedrick  (1.  c.  78),  the 
present  acreage  of  the  State  is  not  less  than  50,000  acres. 
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NEW  YORK  STATE  GRAPE  REGIONS 

Since  frequent  reference  will  be  made  to  the  various  grape  districts 
of  New  York,  it  may  not  be  out  of  place  at  this  point  to  define  these 
regions  a  little  more  definitely.  A  description  of  the  four  districts  of 
the  State  is  given  by  Hedrick,  together  with  a  history  of  the 
rise  of  the  industry  in  each  section.  Dorsey  ('09)  has  put  this  data 
in  more  accessible  form. 

In  point  of  time,  the  Hudson  River  valley  region  is  the  oldest. 
The  production  of  the  Concord  in  this  locality  outstrips  that  of  any 
other  variety,  while  the  Delaware  stands  second.  Yet  this  region  is 
often  referred  to  as  the  Delaware  region.  It  is  practically  confined  to 
the  four  counties  of  Ulster,  Columbia,  Orange,  and  Dutchess. 

The  second  region,  known  as  the  Central  Lake  region,  is  not  so  defi^ 
nitely  located.  It  includes  areas  bordering  on  Keuka,  Canandaigua, 
Seneca,  and  Cayuga  lakes,  and  is  located  in  the  following  counties: 
Ontario,  Yates,  Schuyler,  Steuben,  and  Seneca.  Catawbas  and  Delawares 
are  grown  extensively  in  the  section  and  grape-growers  often  refer  to 
it  as  the  Keuka  Lake  or  Catawba  region. 

The  Chautauqua  belt  is  the  most  distinct  of  any  of  the  grape  re- 
gions. The  Concord  is  the  predominating  and  almost  exclusive  variety. 
As  this  variety  was  not  introduced  into  Chautauqua  county  until  1856, 
the  remarkable  development  of  the  region  is  worthy  of  note.  The  belt 
now  extends  the  whole  length  of  that  county  and  a  part  of  Erie  county, 
and  extends  back  from  the  lake  front  for  a  distance  of  three  to  five 
miles. 

The  most  recent  belt  is  the  Niagara.  It  lies  along  the  Niagara  river 
and  the  shore  of  Lake  Ontario.  The  following  counties  are  included: 
Niagara,  Orleans,  Monroe,  and  Wayne. 

THE  DISEASE 

HISTORY 

This  disease  has  been  known  in  America  for  many  years  as  the 
"  Black  Rot."  This  name  was  given  to  distinguish  it  from  the  gray  or 
"brown  rot  caused  by  the  mildews,  etc.  When  the  disease  was  introduced 
into  France,  the  English  name  was  carried  over,  and  from  there  it  has 
spread  into  Germany,  Italy,  Asia  Minor,  and  elsewhere.  Locally,  and 
owing  to  mistaken  identity,  it  is  sometimes  referred  to  as  Bird's  Eye  and 
as  Apple  Rot,  thus  being  confused  with  Anthracnose. 


('09)  Dorsey,  M.  J.    The  Grape  Districts  of  New  York  and  Table  of  Varieties. 
N.  Y.  (Geneva)  Agr.  Exp.  Sta.  Bui.  3x5:  133-161.    1909.  ^  j 
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On  the  occasion  of  his  visit  to  the  Dufour  vineyards  near  Lexingtoa 
Ky.,  while  on  his  second  visit  to  America,  Francois  Andre  Mxchaux 
writes  in  his  travels  (1805)  •  **  ^"t  his  (Dufour's)  success  is  not  equal 
to  his  attention  —  the  fruit  always  rots  before  it  arrives  at  maturity. 
When  I  saw  them,  the  bunches  were  few  and  stunted,  the  grapes  small, 
and  everything  appeared  as  though  the  vintage  of  the  year  1802  would 
not  be  more  abundant  than  those  of  the  preceding  years." 

From  the  descriptions  of  various  of  the  pioneers  in  the  American 
grape  industry,  there  seems  to  be  no  doubt  that  the  foliage  and  part 
of  the  fruit  was  often  destroyed  by  the  Downy  Mildew  (Plasmopara 
viticola),  and  also  that  many  of  the  clusters  had  a  different  kind  of 
disease  which  we  are  able  to  recognize  from  descriptions  as  the  Black 
Rot.  Such  diseases  were  unknown  to  the  Old  World  vine-growing  dis- 
tricts, and  there  seems  to  be  no  question  that  both  the  Mildew  and 
Black  Rot  are  indigenous  to  America.  The  native  vines  have  for  ages 
been  attacked  by  these  diseases,-  so  that  by  a  selective  process  only  the 
most  resistant  remain.  The  less  resistant  viniferous  varieties  never  hav- 
ing experienced  such  attacks  were  not  able  to  withstand  the  Mildew, 
Black  Rot,  and  Phylloxera,  and  consequently  succumbed.  That  this 
is  the  case  is  attested  also  by  the  wide-spread  ravages  of  these  fungous 
pests  on  their  introduction  into  Europe.  Thus,  the  early  American 
attempts  in  viticulture  with  the  European  vine  were  failures,  and  it 
was  only  when  the  ameliorated  American  vines  were  used  that  the 
grape  industry  in  this  country  was  placed  on  a  firm  basis.  The  dis- 
semination of  the  disease  to  the  various  new  vineyards  of  the  country 
was  a  very  easy  matter,  for  these  early  vineyardists  were  anxious  to 
obtain  the  very  best  varieties,  and  they  not  only  went  to  the  wilds  them- 
selves to  look  for  desirable  kinds,  but  also  asked  publicly  that  persons 
send  them  cuttings.  Longworth  made  such  a  request  in  the  columns  of 
the  Cincinnati  Gazette  in  1848  or  1849,  according  to  Bailey  (1.  c.  67). 

Dufour,  as  early  as  1804,  and  Longworth,  about  1848,  encountered 
losses  which  were  so  serious  as  to  make  the  business  unprofitable  and 
their  vineyards  were  abandoned,  and  this  too  without  their  knowing 
what  the  real  trouble  was.  Longworth  and  his  followers  w^ere  using 
extensively  the  new  American  vine,  Cataw-ba.  but  even  this  variety  under 
vineyard  conditions  was  unable  to  withstand  completely  the  attacks  oi 
fungi  and  insects. 

With  the  rise  of  the  grape  industry  about  St.  Louis,  the  Black  Rot 
also  became  prevalent  there,  and  in  i860  to  1864  was  epidemic. 


(1805)  Michaux,  F.  A.    Travels  in  America,  Second  Journey.    London,   1805- 
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After  more  than  fifty  years  of  grape  culture  we  have  the  first  scientific 
inquiry  into  the  nature  and  cause  of  the  rotting  of  the  fruit.  In  Septem- 
ber, 1861,  Dr.  Geo.  Engehnann  ('61)  read  a  paper  before  the  St.  Louis 
Academy  of  Science,  in  which  he  clearly  describes  the  two  most  serious 
grape  diseases.  These  are  easily  recognized  as  Downy  Mildew  and 
Black  Rot.  The  Journal  of  Proceedings  reads  as  follows :  "  Dr.  Engel- 
mann  exhibited  specimens  and  numerous  drawings  of  two  species  of 
fungi,  which  infest  our  vineyards  to  such  an  extent  as  to  materially 
diminish  the  crop  and  influence  the  culture  of  the  grape,  at  least  that 
of  the  Catawba,  in  our  region."  Dr.  Engelmann's  description  is  as 
follows:  "The  second  kind  of  rot  —  the  black  rot  —  is  brought  on  by 
a  very  different  kind  of  fungus,  which  I  believe  to  be  undescribed  by 
botatiists.  It  evidently  belongs  near  Ehrenberg's  genus  and  ought  to 
bear  the  name  ampelicida.  It  makes  its  appearance  only  on  nearly  full 
grown  berries,  exhibiting  in  the  first  stage  a  discolored  spot  on  the  side, 
but  never  at  the  base  of  the  berry,  about  two  lines  in  diameter,  with  a 
dark  spot  in  the  centre.  This  spot  soon  becomes  light  brown  and  remains 
so,  while  the  surrounding  part  of  the  berry  gets  darker  and  exhibits  a 
rough  or  (under  the  magnifier)  pustulous  surface;  gradually,  now,  the 
berry  shrivels  up  and  turns  black.  The  individual  fungi  are  little  spheri- 
cal bodies,'*  etc. 

Fifteen  years  later,  the  same  author  ('76)  read  before  the  same  so- 
ciety a  description  of  a  leaf  spot  of  grapes  which  we  can  easily  recognize 
as  the  leaf  stage  of  the  Black  Rot.  This  reads  as  follows :  "  I  exhibit  to 
you,  today,  another  grape  fungus  which  is  new  to  me,  and  seems  to 
have  been  unknown  to  those  grape  growers  with  whom  I  have  con- 
versed. A  yellowish-brown  spot,  a  few  lines  in  diameter,  appears  on 
the  leaf,  on  the  upper  side  of  which,  a. good  eye,  or  a  glass,  will  dis- 
cover a  number  of  very  minute  black  specks.  These  are  little  globules 
.13-. 1 5  line  in  diameter,  which  have  a  little  opening  at  the  top  from 
which  they  emit  their  microscopical  spores  by  the  thousand." 

Little  note  seems  to  have  been  taken  of  these  two  publications  by 
Engelmann  until  a  relatively  recent  date.  This  doubtless  was  due  to 
the  fact  that,  scientifically,  the  Journal  had  a  limited  distribution  and, 
practically,  that  the  papers  were  not  accompanied  by  any  suggestions  as 
to  means  of  control.  At  any  rate,  it  was  not  until  the  introduction  of 
the  Black  Rot  disease  into  the  vine-growing  regions  of  France  that  a 
serious  and  extended  study  was  made  of  the  cause  of  this  disease  with 
means  of  control. 


('61)  Engelmann,  Geo.  "Two  species  of  fungi  which  infest  our  vineyards." 
Trans.  St.  Louis  Acad.  Sci.,  Tour.  Proc.  2:  165.     1861. 

('76)  Engelmann,  Geo.  Oak  and  Grape  Fungi.  Trans.  St.  Louis  Acad.  Sci.. 
Jour.  Proc.  3:  ccxv-ccxvi.     (.876).     1877.  Digitized  by  GOOglC 
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In  August,  1885,  berries  attacked  by  Black  Rot  were  sent  to  the 
National  School  of  Agriculture  at  Montpellier,  France,  by  M.  Ricard, 
steward  of  an  estate  near  the  town  of  Ganges.  There,  Professors  Viala 
and  Ravaz  recognized  the  disease  as  Black  Rot.  Immediate  measures 
were  taken  to  exterminate  the  disease.  In  1886,  there  was  very  little 
Black  Rot  owing  to  the  dry  weather,  but  the  disease  was  found  sparingly 
in  other  localities.  In  1887,  rot  was  very  serious  in  many  new  localities, 
so  it  seems  quite  likely  that  the  Black  Rot  had  been  in  France  to  a 
limited  extent  for  several  years  prior  to  1885,  ^^^  ^^'^  ^^  ^^^  discovery 
there.  It  probably  gained  an  easy  entrance  into  France  on  the  American 
stock  that  was  imported  on  which  to  graft  European  vines  as  a  means 
of  combatting  the  Phylloxera. 

The  first  elaborate  and  well-illustrated  account  of  the  Black  Rot 
disease  was  made  by  Professors  Viala  and  Ravaz  ('86).  In  June,  1887, 
Professor  Viala  was  detailed  by  the  French  government  to  visit  America 
in  the  interest  of  French  viticulture.  A  period  of  six  months  was 
given  to  the  investigation  and  in  company  with  F.  Lamson  Scribner, 
of  the  United  States  Department  of  Agriculture,  all  the  large  grape- 
growing  regions  in  the  States  were  visited.  As  a  result  of  this  trip, 
a  bulletin  was  published  from  the  United  States  Department  of  Agri- 
culture, by  these  gentlemen  ('88),  and  the  year  following  there  appeared 
a  volume  from  Professor  Viala  ('89)  on  the  subject.  Since  that  time 
these  two  gentlemen,  as  well  as  many  others,  both  in  United  States 
and  Europe,  have  made  frequent  contributions  both  to  the  nature  of 
the  parasite  and  to  means  of  prevention  or  control. 

GEOGRAPHICAL  DISTRIBUTION 

It  is  a  relatively  easy  matter  to  obtain  information  on  the  spread 
and  present  distribution  of  the  Black  Rot  disease.  This  can  be  done 
quite  accurately  by  making  a  bibliography  of  the  literature  relating  to 
the  disease.  From  examination  of  such  literature  one  can  see  that 
after  the  introduction  of  the  malady  into  France,  it  very  rapidly  spread 
to  adjacent  vine-growing  regions,  then  to  Germany,  Italy,  and  Asia 
Minor.  At  the  present  time,  practically  no  vine-growing  section  i> 
entirely  free  from  the  disease,  with  the  one  exception  of  California  in 


('86)  Viala,  P.  et  Ravaz,  L.,  Memoire  sur  une  nouvelle  maladie  de  la  vijmr. 
le  Black  Rot  (Pourriture  noir).  Ann.  Tficole  Nat.  Agr.  Montpellier  a:  17-58.  i^a 
Also  published  separately.     Bibliotheque  du  Prog.  Agr.  et  Vit.  1886 :  1-62.    4  plales. 

C88)  Scribner,  F.  L.,  and  Viala.  P.,  Black  Rot.  U.  S.  Dept.  Agr.,  Bot.  Div..  Sec 
Vcg.  Path.  Bui.  7:  I-2Q.     1888.     I  plate. 

C89)  Viala,  P.  Une  Mission  Viticole  en  Amenque.  Montoellier  and  Paris 
1889.    387  pages  and  8  chromolithographs. 
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western  United  States.  McAlpine  and  Robinson  ('98  (?))  state  that 
Massee  has  reported  it  from  Victoria  in  1893,  but  that  they  have  never 
ifound  it.  The  date  of  their  publication  is  approximately  1898,  as  can 
be  gathered  from  literature  cited. 

Some  *  have  predicted  that  California  vines  would  eventually  suc- 
cumb, but  this  is  not  at  all  certain  since  the  weather  conditions  there 
are  very  different  and  are  probably  such  as  entirely  to  prevent  the 
perpetuation  of  the  parasite  even  if  introduced.  The  writer  is  inclined 
strongly  to  the  latter  view,  since  it  does  not  seem  possible  that  with  the 
importation  of  grape  stock  from  the  East  there  should  not  have  been 
carried  over  an  occasional  source  of  infection. 

ECONOMIC  IMPORTANCE 

All  writers  are  agreed  that  Black  Rot  is  the  most  serious  fungous 
malady  with  which  the  vineyardist  has  to  contend.  The  Phylloxera  has 
been  overcome  to  a  great  extent,  while  neither  Downy  nor  Powdery 
Mildew  are  as  difficult  to  control.  Data  on  this  point  are  so  evident  and 
so  general  in  Experiment  Station  literature  that  it  will  be  sufficient 
to  give  only  a  few  generalities. 

It  has  been  recognized,  generally,  that  Black  Rot  varies  with  the 
season,  there  being  an  abuhdance  of  it  in  wet  seasons  and  much  less 
in  dry  ones.  Also,  that  the  rot  is  more  serious  in  the  warm  and  humid 
regions  than  it  is  in  cool  and  drier  regions.  Thus,  in  North  Carolina 
the  entire  crop  may  be  lost  within  a  week  after  blossoming  time,  while  in 
New  York  the  greatest  losses  come  when  the  berry  is  one-half  to  two- 
thirds  grown.  Scribner  ('90)  believed  that  Black  Rot  '*  did  not  attain 
the  same  vigor  of  development  in  the  northern  grape-growing  regions 
that  it  did  farther  to  the  south."  But  even  if  that  be  true,  New  York 
vineyardists  all  know  that  in  some  years  the  conditions  could  not  be 
worse  farther  south. 

Beginning  in  1903  and  continuing  with  increasing  vigor  up  to  1907, 
Black  Rot  became  so  destructive  in  both  the  Niagara  and  Central  Lake 
regions  that  the  entire  crop  in  many  vineyards  was  often  lost.  In  1906, 
in  a  large  vineyard  of  200  acres  at  Romulus,  N.  Y.,  not  enough  grapes 
were  saved   to  pay  for  operating  expenses,   and  this   in   spite  of   the 


♦Scribner,  F.  Lamson  New  Observations  on  the  Fungus  of  Black  Rot  of 
Grapes.     Proc.  Soc.  Prom.  Agr.  Sci.  9:  68-72.     1888. 

('90)  Scribner,  F.  Lamson.  Report  on  the  Extent,  Severity,  and  Treatment 
of  Black  Rot  and  Brown  Rot  in  Northern  Ohio  in  i88().  U.  S.'  D.  A.,  Sec.  Veg. 
Path.  Bui.  11:  1.  c.  Tj.     1800. 

'q8  (?)  McAlpine,  D.  i»nd  Robinson,  G.  H.  Additions  to  the  Fungi  on  the  vine 
in  Australia,  Dept.  Agr.  Victoria.    80  pp.     No  date. 
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fact  that  the  owners  sprayed  until  the  middle  of  July  and,  as  they  believe, 
did  thorough  work.  In  1907,  there  was  very  much  less  rot  owing  to  the 
dry  season.  This  was  general  in  all  grape-growing  sections.  In  1908, 
the  only  region  which  seems  to  have  been  seriously  affected  was  that  of 
the  Central  Lakes,  and  even  in  this  it  was  restricted  to  certain  localities. 
In  general  the  season  was  very  dry,  but  in  a  few  localities  about  the 
lakes  there  was  an  abundance  of  rain  *  and  losses  in  unsprayed  vine- 
yards were  as  high  as  seventy-five  to  eighty  per  cent.  In  fact,  in  some 
vineyards  there  was  so  much  rot  that  it  did  not  prove  profitable  to 
glean  out  the  good  clusters.  ' 

In  spite  of  the  fact  that  Black  Rot  has  not  been  serious  in  most  of 
the  grape-growing  sections  of  New  York  the  past  two  years,  the  writer 
has  never  had  difficulty  in  finding  an  occasional  berry  destroyed  by  the 
Black  Rot  fungus,  even  in  well-kept  vineyards  in  the  heart  of  the  Chauta- 
qua  belt.  This  belt  is  decidedly  the  most  free  from  rot  of  any  of  the  sec- 
tions. These  facts  would  seem  to  indicate  that  the  rot  may  at  any  time 
become  an  important  factor  again,  depending  on  the  advent  of  a  season 
favorable  for  its  development. 

Epidemics  of  this  disease  affect  economic  conditions  only  in  the 
locality  in  which  the  grapes  are  grown.  Grapes  are  regarded  more  or 
less  as  a  luxury  and  the  lack  of  grapes  doe^  not  have  the  same  general 
effect  as  the  lack  of  wheat  or  of  potatoes. 

SIGNS  OR   SYMPTOMS 

The  general  signs  or  symptoms  of  this  disease  have  been  described  at 
various  times  in  the  horticultural  papers,  but  the  first  accurate,  scientific 
description  is  that  of  Engelraann.  The  descriptions  are  sufficiently  clear 
as  to  leave  no  doubt  concerning  the  identity  of  the  disease.  All  green 
parts  of  the  vine  may  be  attacked,  but  the  old  parts  never  are.  Julien 
('97)  states  that  in  Nivernais,  France,  only  the  fruit  is  attacked.  Stevens 
and  Hall  ('09)  also  note  the  fact  that  the  fruit  of  Scuppernong  and 
other  rotundifolia  varieties  of  southern  United  States  is  rarely  attacked. 

On  the  leaves   (Fig.  131.) 

Some  time  in  June  or  early  in  July,  Black  Rot  appears  on  the  leaves 
in  the  form  of  reddish  brown,  more  or  less  circular  spots.  The  first  evi- 
dence of  the  spot  is  the  slight  blanching  of  a  single  one  of  the  smaller 


(*)  See  meteorological  data  on  page  347. 

(*97)  Julien,  CIi.  Siir  le  developpement  dii  Black  Rot  de  la  Vigne  dans  If 
Nivernais.     Bui.  Soc.  Myc.  France,  13:  73-75.     i8g7 

Cot))  Stevens,  F.  L.,  and  Hall.  J.  G.  Notes  on  Plant  Diseases  Occurring  in 
North  Carolina.    Ann.  Rept.  N.  C.  Agr.  Exp.  Sta.  21:  1.  c.  74.     1909. 
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areola  of  the  leaf.    Soon  the  blanching  extends  to  adjacent  areolae,  and 
if  an  areola  is  entered  it  is  usually  entirely  involved.    The  spread  of  the 


Fig.   131. — Black  Rot  lesions  on  leaf  of  Niagara  grape. 

June  27,  1908. 


(Natural  size.).  Photo 


spot  is  concentric  but  not  perfectly  circular.  The  small  veinlets  form 
the  margin  of  the  spot  so  that  the  outline  is  finely  crenulate.  By  the 
time  the  spot  is  .3  to  .4  mm.  in  diameter,  it  has  a  cinereous  appearance. 
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At  this  early  stage  the  margin,  while  sharply  defined,  is  not  changed 
in  color.  Uy  the  time  the  spot  is  1  mm.  in  diameter,  the  margin  api>ears 
as  a  black  line,  while  the  remainder  of  the  spot  is  grayish  brown.  A 
little  later  the  margin  is  a  brownish  band  and  the  brown  gradually 
extends  inward  until  the  whole  spot  is  covered.  As  soon  as  the  brow^n 
band  attains  some  width  the  blackish  line  on  the  margin  is  to  be  seen 


Fig.  132. — Black  Rot  lesions  on  stems,  petioles,  leaf  veins,  and  tendrils  of  Niagara 
grape.     {Natural  sice.)     Photo.  June  8,  1907. 

again.  A  second  wave  of  deeper  brown  may  pass  across  the  spot  but 
sometimes  it  does  not  get  entirely  across  and  thus  leaves  a  marginal 
band  of  a  deeper  brown  than  the  central  disc.  Spots  vary  in  size  from 
I  mm.  up  to  8  mm.  in  diameter,  but  in  general  are  3  to  5  mm. 
On  the  European  vine,  Viala  ('89)  records  the  diameter  of  spots  as 
4  to  5  cm.  or  larger.     Occasionally  the  whole  leaf  is  destroyed  but  this 


('89)  Viala,  P.    Une  Mission  Viticole  en  Amerique.    Montpellier,  1889,  1.  c.  2J9 
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is  by  the  coalescence  of  many  spots.     When  the  spot  has  attained  full 

size,  black  bodies,  pycnidia  (Plate  II,  Fig.  9),  protrude  from  under  the 

cuticle  and  either  dot  the  entire  surface  of  the  spot  with  minute  specks  or 

are  more  often  confined  to  a  more  or  less  concentric  ring.    The  diflferent 

shades  of  color  are  apparent  on  the  under  side  of  the  leaf  on  such  varieties 

as  have  leaves  which  are  smooth  beneath.    The 

pycnidia,   however,   have  never  been   seen  on 

the   under   side  of   the   leaf   in   our  varieties. 

Viala  and  Ravaz  ('88)  show  that  the  leaf  spots 

of  the  various  varieties  are  really  all  caused 

by  the   same   fungus,   and   also  state   that   in 

1886  (1.  c.  490,  foot  note  2)   they  first  called 

attention  to  the  fact  that  the  leaf  spots  were 

connected  with  the  Black  Rot  disease. 

On  stems,  tendrils,  peduncles,  petioles  and  leaf 
veins  (Figs.  132  and  133.) 
The  character  of  the  Black  Rot  lesions  on 
stems  is  somewhat  diflferent  from  that  on 
leaves.  Its  first  appearance  is  a  small  darkened 
depression  which  soon  becomes  very  black. 
On  a  cane  the  lesion  rarely  extends  more  than 
a  quarter  of  the  way  round,  while  on  a  tendril 
or  leaf  petiole  it  may  extend  from  half  to  all 
of  the  way  round.  The  length  of  the  lesions 
vary  from  2  mm.  up  to  2  cm.,  while  in  form 
they  may  vary  from  circular  to  elliptical  or 
very  much  elongated.  On  shoots,  the  lesions 
never  extend  so  deep  as  to  cut  oflf  the  sap 
supply,  but  on  leaf  petioles  this  occasionally  p,^^^^_^,^^^  ^^,  ,^^.^„^ 
happens,  rarely  so  on  peduncles,  and  quite  com-  ^^j  peduncle  of  cluster. 
monly  so  on  pedicles  and  tendrils. 

On  the  berries  (Figs.  134,  135,  136,  137.) 
The  first  indication  of  Black  Rot  on 
the  berry  is  the  appearance  at  some  point 
of  a  small  circular  blanched  spot.  The 
spot    is    scarcely     i     mm.    in    diameter,    and 

when  of  this  size  the  blanching  is  so  slight  as  to  be  detected 
only  by  careful  observation.  It  rapidly  becomes  more  apparent 
and     has     a     whitish     api>earance.       Even     yet     the     contrast     is     not 


Near  the  center  the 
remnant  of  an  infested 
pedicle  can  be  seen. 
This  infection  occurred 
before  the  blossoms 
opened^  (Natural  size.) 
Photo.  July  15,  1909, 
C.  N.  Jensen. 


('88)    Viala,   P.   et  Ravaz,   L.     Note  sur  le   Black   Rot    (Laestadia  bidwellii) 
Prog.  Agr.  et  Vit.  9:490-493-     i®*"  semestre.  ^  , 
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great,  but  it  becomes  more  apparent  by  the  appearance  of  a.  brownish 
line  at  the  margin.  The  whitish  centre  increases  in  size  and  the  brownish 
or  reddish  brown  ring  increases  in  diameter  as  well  as  in  width  and  is 
quite  evident  when  the  spot  is  2  mm.  in  diameter.  When  the  spot  is 
3  mm.  in  diameter  the  ring  is  one-half  mm.  in  width  and  enough  darker 
to  give  a  bird's  eye  effect  (a  light  circular  disc  with  an  encircling 
darker  band).  The  spot  rapidly  increases  in  size  so  that  in  twelve  hours 
more  it  may  be  6  to  8  mm.  in  diameter,  and  the  encircling  band  nearly 
2  mm.  in  width.  After  fi\e  hours  more,  the  spot  is  8  or  9  mm.  in  diameter 
and  there  begins  to  appear  an  outer  darker  band  and  an  inner  lighter 
brown  one  which  have  in  some  cases  a  much  lighter  line  between  them. 
The  aureole  is  thus  composed  of  two  or  three  bands  or  rings.  Eighteen 
hours  later  the  spot  is  i  cm.  or  more  in  diameter,  is  distinctly  flattened, 


Fig.   134. — Black  Rot  on  berries  of  Niagara  grape.    Successive  stages  in 
the  destruction  of  the  berry.     (Natural  sice.)     Photo.  July  i,  1908.  ' 

and  numerous  minute  brown  specks  appear  on  the  white  centre  of  the 
spot.  In  five  hours  more  they  are  so  numerous  as  to  give  a  blackish 
appearance. 

The  spot  may  not  become  any  larger  in  size  than  this  and  in  a  few 
days  more  forms  a  thin  l)lack  superficial  crust  on  the  cheek  of  the  berry. 
(Fig.  137.)  Usually,  however,  it  increases  in  size  until  the  whole  berry 
is  involved.  At  alx)ut  the  same  time  that  the  blackening  appears,  the 
berry  begins  to  shrivel  perceptibly,  and  this  continues  until  at  the  end 
of  a  week  or  ten  days  the  berry  is  a  hard,  shriveled,  and  wrinkW 
mummy.  \'iala  ('89)  has  noted  the  superficial  lesion  and  Prunet  ('981 
has  figured  it.  Such  lesions  have  been  seen  on  berries  of  several 
varieties,  and  they  are  of  common  occurrence  on  the  Agawam  ami 
Lindley. 


('8g)   Viala,   P.   Unc   Mission    Viticolc   en    Anieriquc.     1.   c.   p.   241. 
{'*jS)    Prunet,   A.     Observations   et   experiences   sur   le    Black  Rot.     Rev.  Vit 
9:  1.  c.  £36  and  656.     1898.  ^  ^ 
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Fig.  135. —  Black  Rot  in  Niagara  cluster,  A  few  berries 
rotted  by  an  early  infection;  most  of  them  just  turning 
brown  from  recent  infections.  The  berry  at  the  top  on 
the  left  shows  a  spot  not  more  than  12  hours  old.  (Nat- 
ural si::e.)     Photo.  Aug.  i,  1908. 
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Fig.  136. —  Black  Rot  on  fruit  of  Niagara  grape.  Every  berry 
in  the  cluster  is  infected.  Cluster  shozvs  most  of  the  infec- 
tions of  the  season.  The  pycnidia  show  particularly  well. 
{Natural  sice.)     Photo.  Aug.  i,  1908. 
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Fig.  137. —  Black  Rot  on  fruit  of  Niagara  grape.  Shows  {on  the  right)  the  various 
infections  of  the  season.  Nearly  every  berry  in  the  cluster  to  the  left  is  infected. 
Some  are  wrinkled  while  others  are  just  beginning  to  show , spots  or  are  wrink- 
ling from  the  inner  side.  On  the  right  some  of  the  superficial  black  crusts  can 
he  seen,    (Natural  siae,)    Photo,  Aug,  15,  1907.  ^^ 
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etiology 
Name  of  the  parasite 

This  disease  is  caused  by  the  fungous  parasite  Guignardia  bidwellii 
(Ellis)  Viala  et  Ravaz.  Other  specific  and  generic  names  have  been 
given  to  the  organism,  as  will  be  noted  from  the  synonymy.  This  is  due, 
in  part,  to  the  polymorphic  nature  of  the  fungus,  to  a  lack  of  uniformity 
of  various  mycologists  in  the  system  of  nomenclature,  as  well  as  to 
difference  of  opinion  regarding  the  structure  and  interpretation  of  parts 
of  the  fruiting  bodies.  According  to  the  code  of  nomenclature  adopted 
at  the  Brussels  International  Botanical  Congress,  the  above  name  seems 
to  be  the  correct  one  to  apply  to  the  Black  Rot  fungus.  The  writer  has 
had  no  opportunity  to  examine  type  material  of  any  of  the  forms  con- 
cerned, and  the  following  brief  review  of  S}Tionymy  is  made  from  an 
examination  of  the  literature. 

The  first  description  of  the  fungus  seems  to  be  that  of  Dr.  Engel- 
mann  ('61).  This  was  based  on  the  spermogonia  of  the  fungus.  In 
case  the  first  specific  name  applied  to  any  stage  of  the  fungus  were 
retained,  "  ampelicida"  would  seem  to  be  the  correct  specific  name  as 
pointed  out. by  Roze  ('98).  The  date  1850,  sometimes  cited  for  Phoma 
uvicola  B  &  C,  a  pycnidial  stage  of  the  fungus,  is  incorrect;  it  should 
be  1873.  Material  was  collected  by  Curtis  in  1850  and  was  sent  to 
Berkeley,  who  described  it  in  Grevillea  ('73),  twenty-three  years  later, 
thus  giving  Engelmann's  description  twelve  years  priority. 

The  ascosporous  or  perfect  stage  of  the  fungus  was  discovered  by 
Dr.  Bid  well,  and  was  named  in  his  honor,  by  Mr.  J.  B.  Ellis  ('80), 
Sphaeria  bidwellii.  According  to  the  Brussels  code  the  first  specific  name 
applied  to  the  perfect  stage  of  an  organism  shall  be  the  name  of  the 
species,  in  which  case  "  bidwellii "  is  the  only  specific  name  that  can  be 
applied  to  the  Black  Rot  organism. 

Saccardo  ('82)  transferred  the  Black  Rot  fungus  to  the  genus  Physa- 
lospora,  thus  placing  it  in  a  genus  characterized  as  having  paraphyses, 
while  in  his  description  of  P,  bidwellii  he  writes,  "  paraphysibus  nullis," 
and  then,  "  Hab.  in  baccis  Vitis  socia  Phoma  uvicola,  quae  forte  eius 


(*6i)  Engelmann,  Geo.    Trans.  St.  Louis  Acad.  Sci.  Jour.  Proc.  a:  165.     1861 

C73)  Berkeley,  J.  M.  Notices  of  North  American  Fungi.  Grevillea  a:  82 
1873.  ^ 

('80)  Ellis,  J.  B.  A  new  Sphaeria  on  Grapes.  Bui.  Torr.  Bot.  Club  7:  90. 
i88a 

C82)  Saccardo,  P.  A.     Sylloge  Fungorum.     i:  441.    1882. 

C98)  Roze,  £.    Quel  est  le  nome  scientifique  a  donner  au  Black  Rot?     Bui 

Soc.  Myc.  France  14:  24-26.    1898. 
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spermogonium ;  Vineland,  New  Jersey.  America  boreali  (Bid well) — 
An  Laestadia?''  A  few  years  later,  Viala  et  Ravaz  ('88)  in  a  short 
note  transferred  the  fungus  to  the  genus  Laestadia,  erected  by  Auerswald 
('69).  The  same  authors  ('92)  substitute  the  name  Guignardia  for  the 
species  of  Laestadia,  since  the  latter  name  is  preoccupied  by  a  composite 
genus  of  Kunth  ('32). 

Apparently  the  name  of  the  Black  Rot  fungus  should  be  Guignardia 
bidwellii  (Ellis)  Viala  et  Ravaz.  But  there  seems  to  be  some  doubt  con- 
cerning the  validity  of  the  generic  name  Guignardia,  Magnus  ('93) 
(94)  points  out  that  Dr.  O.  Kuntze  recognized  the  fact  that  Laestadia 
as  applied  to  a  fungus  is  a  synonym  and  substituted  the  ge^neric  name 
Carlia  of  Rabenhorst  1857  for  the  species  oi  Laestadia.  Kuntze  ('91) 
iyays*  (free  translation)  **  the  composite  genus  Laestadia^  Lessing,  is  valid, 
so  that  the  homonym  of  Auerswald  becomes  a  synonym;  moreover, 
Carlia  Rabh.  is  at  all  events  older  and  on  that  account  should  be  restored. 
The  type  is  Carlia  oxalidis  Rab.  (Laestadia  ox.  Sacc.)  Bonorden 
named  it  correctly." 

He  then  transferred  all  of  the  listed  species  of  Laestadia  in  Saccardo's 
Sylloge  to  the  genus  Carlia.  Also,  Saccardo  (1.  c.  Vol.  II,  p.  289)  in  a 
foot-note  says :  "  Magnus  in  Oesterr.  bot.  Zeitschr.  1894,  no.  6  contends 
strongly  and  not  without  grounds  that  the  name  Carlia,  Bonorden  1864 
(not  Rabenhorst  1857),  has  the  right  of  priority  over  Laestadia  Auers- 
wald 1869  (not  Lessing  1832)." 

But  concerning  the  validity  of  the  name  Carlia  there  seems  to  be  some 
doubt.     Lindau   ('97)  in  a  foot-note  states  that  Carlia  of  Rabenhorst 


*"  Carlia  Rabh.  (1857)  herb.  viv.  myc,  ed.  nov.,  cent.  VI,  Nr.  567  (cfr.  Flora 
1857,  p.  382.)  Laestadia  Awd.  1869  non  Less.  "  Kth."  1832.  Die  Composite 
Laestadia  Less,  gilt,  so  dass  das  Homonym  von  Auerswald  synonym  wird; 
auserdem  ist  Carlia  Rbh.  so  wie  so  alter  und  deshalb  zu  restauriren.  Der  Typus 
ist  Carlia  Oxalidis  Rbh.     (Laestadia  ox.  Sacc.)." 

C32)    Kunth.    Lessing's    Synopsis   Generum   Compositarum  p.   203.     1832. 

('69)  Auerswald.  Laestadia,  nov.  Perisporiacearum  genus.  Hedwigia  8:  177. 
1869. 

C88)  Viala,  P.  et  Ravaz,  L.  Note  sur  le  Black  Rot.  Prog.  Agr.  et  Vit.  9: 
490-493.     1888.     icr  semestre. 

('91)    Kuntze,   O.    Reviso  Generum    Plantarum.     Pars.    II:   846.     1891. 

('92)  Viala,  P.  et  Ravaz,  L.  Sur  la  denomination  botanique  du  Black  Rot. 
Bui.  Soc.  Myc.  France,  8:  63.    1892. 

('93)  Magnus,  P.  Sur  le  denomination  botanique  des  especes  du  generc 
Laestadia  Awd.  Bui.  Soc.  Myc.  France,  9:  I74-    1893- 

('93) Einige  Worte  zu  P.  A.   Saccardo's  Kritik  der  von  O. 

Kuntze  in  seiner  Revisio  etc   Hedw.  3a:  64-66.     1893. 

('94)    Wie   ist  die    Pilzgattung  Laestadia  jetzt  zu  bezeichnen? 

Oesterr.  bot  Zeitschr.  44:  201-203.     1894. 

('97)  Lindau,  G.  in  Engler  und  Prantl,  Die  Naturlichen  Pflanzenfamilien,  T 
Theil.    1    abth.  1.   c  422. 
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IS  a  synonym  of  Stigmatea  Fr.  and  there  treats  it  as  such.  Traverse 
('02)  regards  the  type  of  Carlia  (C  oxalidis)  as  one  of  the  Sphaeropsi- 
daceae,  perhaps  a  Hendersonia.  Rabenhorst's  original  description  would 
lead  one  to  think  as  much.* 

Bornorden  ('64)  1.  c,  p.  152,  under  Perisporiacei  writes:  "6.  Carlia 
Rabenh.,  Herb,  mycolog.,  pyreniis,  globosis,  minimis,  ostiolo  simpHci 
apertis;  sporis  fusiformibus,  ventricosis,  ascis  curtus,  crassis. 

"Diese  Gattung  wurde  zuerst  durch  Rabenhorst  in  einer  Species, 
Carlia  Oxalidis,  in  dem  Herb,  mycologicum  mitgetheilt,  ist  auch  in  der 
Fuckerschen  Sammlung  enthalten — 

"  I.  Carlia  Oxalidis  Rab.,  pyreniis  nigris,  minimis,  globosis,  epider- 
mide  tectis,  prominulus ;  ascis  sessilibus,  curtis,  lanceolatis  et  f asciculatim 
conjunctus;  spores  fusiformibus,  ventricosis,  hyalinis.  Hab.  in  foliis 
vivis. 

*'  2.  Carlia  maculifonnis,  Syn. :  Sphacria  maculiformis  Fr.  Syst.  II, 
p.  524.  pyreniis  minimis,  etc.  Tab.  I,  Fig.  21. 

"  3.  Carlia  Laburni  Bon.,  pyreniis  globosis,  etc., — Tab.  I,  Fig.  23." 

It  will  be  noticed  that  this  generic  description  does  not  correspond 
at  all  with  that  of  Rabenhorst  1858.  This  seems  to  have  constituted  an 
emendation  of  the  genus  and  Bonorden  should  be  cited  as  the  author. 

But  Dr.  G.  Winter  ('86)  states  that  upon  examination  erf  the  Raben- 
horstian  specimen  (in  herb,  mycol.  edit.  II,  no.  567)  he  finds  it  to  be 
Sphacrella  depaacaformis.  Thus  the  species  cited  as  type  falls  into 
synonymy.  Of  the  two  remaining  species  listed  by  Bonorden,  which  by 
some  might  be  taken  as  type,  Winter  (^87)  retains  the  second  in  the 
Auerswaldian  genus  Lacstadia  and  transfers  the  third  to  the  genus  Phy- 
salospora.  Whether  or  not  the  name  Carlia  is  valid  as  a  name  for  a 
genus  of  Mycosphacrcllae  and  whether  it  should  in  any  way  be  connected 
with  the  name  of  the  Black  Rot  fungus  can  be  determined  only  by  a  very 
careful  monograph  of  this  very  large  and  imperfectly  understood  group. 


♦  Flora  40:  382.  1857.  Carlia  Rabenh.  Mspt.  Sphaeriacearum  nov.  genus 
Hormosporae  DeX.  affine.  Perithecia  minuta  subglobosa  e  macula  prominula. 
Sporae  sphaericae  initio  toruloidiconcatenatae,  episporio  crasso,  brunneo.  Asci  nulli. 
567  C.  Oxalidis  Rabenh.  perith.  atris  in  macula  f usco-subsphacelata,  sporis  minutis- 
simis  fuscis  toruloidibus." 

('64)  Bonorden,  H.  F.  Abhandlungen  aus  dem  Gebietc  der  Mykologie.  Halle. 
1864.  ^ 

('86)  Winter,  G.  Nachtrage  und  Berichtigungen  zu  Saccardo*s  Sylloge  Fun- 
gorum  Vols.  I,  II.     Hedwigia  25:.  10-28.     1886. 

('87)  Winter,  G.    In  Rabenhorst,  Kryptogamen-Flora  I,  2,  403  and  414,     1887, 

('02)  Traverso,  J.  B.    Flora  Italica  Cryptogamia,  2:  375.    1902. 
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A  list  of  the  more  important  names  applied  to  this  fungus  is  as  follows : 

Guignardia  bidwellii    (Ellis)  Viala  et  Ravaz. 
Bui.  Soc.  Myc.  France,  8 :  63.     1892. 

Sphaeria  bidwellii  Ellis. 
Bui.  Torr.  Bot.  Qub  7 :  90.     1880. 

Physalospora  bidwellii  (Ellis)  Sacc. 
Sylloge  Fungorum  1:441.     1882. 

Laestadia  bidwellii  (Ellis)  Viala  et  Ravaz. 
Prog.  Agr.  et  Vit.  9:490-493.     1888. 

Carlia  bidwellii  (Ellis)  Magnus. 
Bui.  Soc.  Myc.  France,  9:  174.     1893. 

Guignardia  ampelicida  (Engelmann)  Roze. 
Bui.  Soc.  Myc.  France,  14:24-26.     1898. 

Naemospora  ampelicida  Engelmann. 
Trans.  St.  Louis  Acad.  Sci.,  Jour.  Proc.  2:  165.     1881. 

Phoma  uvicola  Berkeley  &  Curtis. 
Grevillea  2:82.     1873. 

Phoma  ustulatum  Berkeley  and  Curtis. 
Grevillea  2 :  82.     1873. 

Phoma  uvicola  var.  labruscae  von  Thiimen. 
Die  Pilze  des  Weinstockes.     1878.    p.  16. 

Depasea  labruscae  Engelmann. 
Trans.  St.  Louis  Acad.  Sci.,  Jour.  Proc.  3 :  ccxv.     1877. 

Phyllosticta  viticola  von  Thiimen. 
Die  Pilze  des  Weinstockes.     1878.    p.  188. 

Phyllosticta  labruscae  von  Thiimen. 
Die  Pilze  des  Weinstockes.    1878.    p.  189. 

Phyllosticta  ampelopsidis  Ellis  &  Martin. 
Ellis'  North  American  Fungi.     No.  1169. 

Life  history  —  Perithecia 

The  various  manifestations  of  this  polymorphic  fungus  make  a 
Ttudy  of  its  life  history  exceedingly  interesting.  The  observations  re- 
corded here  have  been  taken  as  they  occur  naturally  under  most  favor- 
able conditions,  and  observations  have  extended  over  two  seasons,  the 
entire  time  being  devoted  to  this  one  particular  factor. 

Upon  entering,  early  in  the  spring,  a  vineyard  which  has  had  Black 
Rot  the  year  previous,  one  finds  that  most  of  the  mummied  clusters  of 
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the  previous  year  are  lodged  on  the  ground,  having  been  broken  loose 
from  the  vine  and  dropped  there  at  the  time  of  trimming  and  pulling 
the  brush.  (Fig.  138.)  Careful  examination  of  such  mummies  with 
the  unaided  eye  shows  the  presence  of  very  numerous  minute  elevations 
which  are  the  fruiting  conceptacles  or  perithecia  of  the  fungus.  A 
slight  perforation  or  rupture  at  the  apex,  scarcely  visible  to  the  naked 
eye,  is  the  ostiole.  At  first,  the  writer  had  expected  to  find  the  best 
perithecia  for  study  on  or  near  the  side  of  the  berry  in  contact  with 
or  imbedded  in  the  soil.     After   frequent  examinations,  he  found  that 


I'lc.  138. —  Mummied  cluster  of  grapes  clinging  to  the  'bjire  and  forming  a  center  cf 
infection,     {Natural  sice.)     Photo.  July  i,  1908. 

the  perithecia  in  such  locations  were  usually  barren  and  that  it  was  on 
the  upper,  exposed  side,  where  outwardly  the  mummy  appeared  to  bo 
very  dry,  that  these  developed  best.  From  this  observation,  he  was  led 
to  examine  more  closely  mummies  which  cling  to  the  wires.  While 
perithecia  on  them  were  not  mature  so  early  in  the  season,  there  was  a 
greater  abundance  of  them  in  a  living  condition  than  when  on  the 
ground.  On  making  a  thin  section  through  a  region  bearing  perithecia. 
all  sorts  t)f  conditions  arc  to  be  found  (Fig.  139  and  Plate  II,  Fig.  7)  — 
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ascigerous  perithecia  in  all  stages  of  development,  pycnidia  and  spermo- 
gonia  containing  pycnospores,  and  spermatia  from  the  previous  season. 
On  April  23,  1908,  clusters  of  Black  Rot  mummies  were  collected  at 
Lake  Ridge,  N.  Y.  Examination  showed  that  at  this  time  no  develop- 
ment had  taken  place.  These  mummies  were  placed  in  a  stender  dish, 
and  although  overrun  with  Cephalothecium  roscutn,  continued  to  de- 
velop, and  on  May  16  the  writer  found  asci  with  spores  that  were  ap- 
parently mature.  On  this  latter  date  a  cluster  of  mummies  was  picked 
from  the  wires  at  Ithaca  and  examination  showed  that  the  perithecia 


Fig.    139. —  Cross  section    through   a  perithecium  showing  developing  asci  and 
asc  OS  pores.     Outlined  with  a  camera  lucida. 


were  just  beginning  to  develop.     Some  of  the  internal  cells  were  slightly 
elongated.    Under  natural  conditions  development  had  been  retarded. 

On  March  27 y  1907,  mummied  clusters  were  sent  to  Ithaca  by  Mr. 
G.  G.  Lansing,  Romulus,  X.  Y.  These  were  kept  in  a  stender  dish  with 
moist  cotton  about  them.  On  April  25  an  examination  was  made  just 
prior  to  discarding  the  whole  lot,  when  mature  asci  with  spores  were 
found.  On  June  13,  1907,  the  writer's  first  examination  was  made  for 
asci  developed  under  field  conditions,  and  an  abundance  of  them  were 
found  at  that  time.     The  spring  had  been  exceptionally  cold  and  wet. 
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but  as  has  been  pointed  out  by  Prunet  (97),  perithecia  will  develop  at 
a  very  low  temperature  if  sufficient  moisture  ie  present. 

At  frequent  intervals  throughout  the  summer  examinations  were 
made  to  see  just  how  long  the  asci  persisted.  From  the  observations  of 
Scribner  and  Viala  ('88),  which  have  been  copied  widely,  the  writer  had 
expected  them  to  disappear  early  in  the  season.  When  he  found  asci 
with  spares  that  were  immature  in  August,  1907,  he  thought  it  was 
probably  due  to  the  very  dry  summer  which  we  had  experienced.  When, 
however,  he  found  on  October  2,  1907,  an  abundance  of  asci  with  spores 
which  germinated  readily  in  tap  water  after  sixty  hours,  he  was  con- 
vinced that  the  ascigerous  stage  was  not  so  evanescent  as  he  had  been 
led  to  believe.    Data  obtained  in  1908  confirmed  this  observation. 

On  July  21,  1907,  mummies  containing  quantities  of  asci,  both  im- 
mature and  mature,  were  enclosed  in  a  piece  of  wire  cloth  and  buried 
in  the  ground  to  a  depth  of  about  six  inches.  On  October  24,  these  were 
taken  up  and  examined.  No  evidence  of  spores  of  any  kind  was  found, 
and  in  fact  many  of  the  mummies  were  completely  disintegrated. 

An  even  more  conclusive  experiment  on  this  subject  was  terminated 
July  16,  1907.  In  a  particular  section  of  a  Niagara  vineyard  where  no 
fruit  had  been  picked  in  1906  because  of  the  great  abundance  of  Black 
Rot,  the  whole  rotted  mass  went  onto  the  ground  and  was  plowed 
under  early  in  May.  As  many  vineyardists  "  plow  back,"  the  writer 
decided  to  see  whether  this  would  be  advisable  in  such  a  rot-infested 
section.  Consequently,  a  few  rows  were  plowed  back  in  the  usual  w^ay. 
The  writer  then  made  a  search  for  mummies  but  much  to  his  surprise 
was  not  able  to  find  any.  An  occasional  remnant  was  found.  Believing  that 
the  plow  had  not  gone  deeply  enough,  a  spade  was  brought  into  use. 
With  this,  even  after  continued  search,  only  an  occasional  mummy  was 
found.  A  microscopic  examination  of  such  mummies  showed  them  to 
be  in  an  advanced  stage  of  disintegration  and  entirely  void  of  spores. 
This,  too,  had  taken  place  in  a  season  which  had  been  relatively  dry. 
It  therefore  seems  quite  certain  that,  although  spores  may  be  formed 
in  perithecia  during  most  of  the  summer,  under  normal  conditions  they 
are  destroyed  in  a  few  weeks  (six  or  eight)  if  buried  under  a  few 
inches  of  soil.  Galloway  ('89)  has  shown  that  the  same  thing  holds 
true  if  the  mummies  are  covered  in  the  autumn.    This  is  of  considerable 


(•88)  Scribner.  F.  L.  and  Viala,  P.  Black  Rot.  U.  S.  D.  A.,  Sec.  Veg.  Path. 
Bui.  7:  1.  c.  22.    1888. 

('89)  Galloway,  B.  T.  Ascospores  of  the  Black  Rot  Fungus  as  affected  by 
covering  with  earth.    Jour.  Myc.  5:  92-93.    1889. 

('97)  Prunet,  A.  Les  formes  du  parasite  du  Black-Rot,  de  rautomne  an 
printemps  (x).    Prog.  Agr.  et  Vit.  27:  1.  c  295.    1897* 
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interest  and  importance  from  the  practical  standpoint,  for  if  rotted 
clusters  are  removed  from  the  arms  and  dropped  on  the  ground  at 
trimming  time  and  then  covered  with  the  plow,  these  sources  of  in- 
fection will  be  eliminated. 

Origin  and  development  of  the  ascus   (Plate  I,  Figs.  1-6.) 

The  writer  had  hoped  to  make  a  critical  study  of  this  point  as  there 
are  many  interesting  biological  considerations  connected  with  it.  How- 
ever, he  soon  found  that  such  a  study  was,  alone,  sufficient  material  for 
a  major  problem,  and  that  part  of  it  would  have  to  be  left  until  another 
time.  One  of  the  chief  difficulties  met  with  is  the  extreme  minuteness 
of  the  nuclei. 

Upon  examination  of  well-stained  microtome  sections  of  perithecia 
taken  June  16  to  22,  1907,  and  in  various  stages  of  development,  it  is 
easy  to  find  ones  in  which  there  is  practically  no  development  from  the 
w^inter  condition.  Such  perithecia  are  surrounded  by  the  usual  thick, 
black,  pseudoparenchymatous  covering.  This  pseudoparenchyma  be- 
comes thinner  walled  inwardly,  so  that  the  whole  interior  of  the  peri- 
thecium  is  filled  with  it.  In  the  stained  sections  there  are  scattered  here 
and  there,  near  or  a  little  below  the  centre  of  the  perithecium,  little  dots 
of  much  deeper  staining  quality,  which  in  well-bleached  preparations  are 
seen  to  be  individual  cells  when  examined  with  an  immersion  lens. 
From  a  series  of  successive  stages  which  are  readily  obtainable,  it  seems 
clear  that  these  cells  which  stain  more  intensely  are  ascogenous  cells, 
the  remaining  cells  serving  purely  as  nurse  cells.  Each  individual  cell 
has  a  nucleus,  but  nuclei  in  these  deeply  staining  cells  retain  the  stain 
much  more  tenaciously  than  the  others.  When  activity  begins,  the 
ascogenous  cell  elongates  by  pushing  its  way  upward,  though  at  the 
very  first  it  seems  to  take  the  path  of  least  resistance  and  may  grow  in  a 
longitudinal  direction  for  some  distance.  (Plate  I,  Figs.  I  and  2.)  When 
the  ascogenous  cell  is  half  the  length  of  a  mature  ascus,  one  can  some- 
times see  a  single  large  nucleus  in  the  centre  of  the  cell  or  somewhat 
distad  of  the  centre.  (Plate  I,  Fig.  3.)  The  apex  of  the  cell,  which  up 
to  this  time  has  been  somewhat  acute,  now  becomes  obtuse  as  the  cell 
enlarges  at  the  tip  and  becomes  clavate.  The  w-riter  has  noticed  that 
at  this  stage  the  protoplasm  in  the  base  of  the  ascogenous  cell  seems 
to  recede  a  little  distance  and  sometimes  apparently  lays  down  a  wall, 
leaving  a  small  empty  cell  at  the  foot  of  the  ascus. 

Whatever  takes  place  now,  does  so  very  rapidly.  The  writer  has 
been  unable  to  get  transition  stages  between  the  uninucleate  condition 
and  one  in  which  all  of  the  spores  are  more  or  less  clearly  outlined  and 
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each  possessing  one  to  four  nuclei,  usually  two  or  three,    (Plate  I,  Figs. 
4  and  5.) 

There  are  a  number  of  these  ascogenous  cells  in  a  perithecium, 
generally  fifty  to  one  hundred  or  even  more.  As  has  been  pointed 
out  above,  they  do  not  mature  synchronously,  and  when  several  asci 
are  found  in  a  perithecium  it  is  very  evident  that  much  of  the  pseudo- 
parenchyma  has  gone.  The  writer  is  of  the  opinion  that  these  cells 
are  absorbed  by  the  developing  asci.  Now,  early  in  the  season  when 
the  very  first  asci  are  developing,  not  nearly  all  of  the  pseudoparen- 
chymatous  mass  has  disappeared,  and  when  crowded  together  by  the 
development  and  expansion  of  two  asci  situated  rather  close  together, 
often,  in  poorly  stained  preparations,  gives  the  impression  of  paraphyses 
between  the  asci.  The  writer  is  satisfied,  however,  that  there  are  no 
true  paraphyses  developed  here  as  there  are  in  the  case  of  so  many 
discomycetous  fungi,  as  well  as  other  Pyrenomycetes. 

In  this  connection  Scribner   ('86)    inserts  the  following  foot  note: 
"Mr.  Smith  (Erwin  F.)  in  his  investigations  above  referred  to,  found 
the  ascosporous  form  very  frequent  in  the  berries  examined  after  May 
10.     He  discovered  asci  in  all  stages  of  development  from  very  small 
immature  ones  to  perfect  ones  containing  well  developed  ascospores. 
Mingled  zvith  the  asci  were  the  usual  paraphyses,"    Price  ('92)  figures 
some  bodies  which  he  records  doubtfully  as  paraphyses.     The  writer 
has  often   seen  about  the  mouth  of  the  perithecium  short   chains   of 
moniliform  cells  tapering  toward  the  ostiole  which  look  very  much  like 
the  ones  figured  by  Price,  but  these  are  attached  to  the  periphery  of 
the  perithecium  and  near  the  upper  part.    The  writer  has  usually  desig- 
nated them  as  periphyses.     He  has  never  seen  such  cells  intermingled 
with  the  asci   nor  any  cells   which  he  could  interpret  as  paraphyses, 
(Fig.  139.) 

The  spring  rains  furnish  moisture  conditions  which  favor  the  de- 
velopment of  asci.  When  an  ascus  is  mature,  and  this,  depending  on  the 
season,  may  be  at  any  time  after  the  middle  of  May,  it  is  a  long  clavate 
body  with  a  very  hyaline  but  thick  wall  which  is  a  little  thicker  at  the 
apex  than  at  any  other  place.  (Plate  V,  Fig.  26.)  It  contains  eight 
spores  placed  in  a  single  series  and  usually  all  having  a  similar  orienta- 
tion. The  size  of  the  ascus  varies  with  the  method  of  observation,  li 
the  section  is  made  dry,  the  ascus  measures  62  to  80  by  g  to  12  microns: 


(*86)  Scribner,  F.  L.  Report  on  the  Fungous  Diseases  of  the  Grape  Vine 
U.  S.  D.  A.,  Bot.  Div.,  Sec.  Plant  Path.  Bui.  2:  1.  c.  33-    1886. 

(^9-2)  Price,  R.  H.  Black  Rot  of  the  Grape.  Texas  Agr.  Exp.  Su.  Bui.  as- 
317-231.    1892. 
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but  if,  in  an  aqueous  mount,  it  may  vary  up  to  twice  that  length.  The 
writer  did  not  at  once  sufficiently  appreciate  this  remarkable  adapta- 
tion. His  first  sections  of  Black  Rot  perithecia  were  mounted  in  water 
and  he  often  noticed  that  in  some  cases  asci  protruded  for  some  dis- 
tance through  the  ostiole.  Before  very  long  he  saw  one  of  these  increas- 
ing in  length  and  also  found  that  it  was  by  the  absorption  of  water 
that  it  elongated.  When  mounted  dry  the  asci  were  contained  within 
the  perithecium,  but  when  a  drop  of  water  was  drawn  under  the  cover 
glass  the  process  of  elongation  could  be  observed.  The  wall  of  the 
ascus  undergoes  a  gelatinization,  broadens  out  to  several  times  its  original 
thickness,  and  becomes  perfectly  hyaline.  The  only  way  its  presence 
may  be  detected  is  by  a  very  faint  line  caused  by  diffraction  at  its  inner 
edge  and  by  the  fact  that  the  spores  lie  in  perfect  order.  When  the 
ascus  has  protruded  to  nearly  its  original  length  outside  the  perithecium, 
the  spores  will  usually  be  found  crowded  to  the  distal  end.  One  can 
almost  see  an  uneasiness  among  the  spores,  especially  the  distal  one,  and 
soon  an  undoubted  movement  can  be  seen.  The  tip  of  the  spore  is 
closely  applied  to  the  apex  of  the  ascus  and  one  can  see  that  it  is 
slowly  forcing  its  way  to  the  exterior.'  There  is  no  evidence  of  a  pore 
at  the  apex  of  the  ascus  either  in  fresh  or  stained  material.  Soon  the 
spore,  which  is  widest  at  the  middle,  seems  to  have  passed  a  critical 
point  and  is  suddenly  and  violently  ejected.  The  passage  is  so  rapid 
that  it  can  not  be  followed  under  the  microscope  and  unless  one  uses 
a  low  power  (16  mm.  objective)  the  spore  is  cast  entirely  out  of  the 
field  even  though  it  must  pass  through  a  liquid  medium  and  is  con- 
fined under  a  cover  glass.  The  writer  has  found  spores  lodged  100  to 
200  microns  from  the  apex  of  the  ascus.  In  one  case  (notes  of  June  13, 
1907)  a  second  spore  followed  the  first  immediately  and  a  third  in  five 
seconds  more;  in  another  observation  (July  4.  1^7)  the  writer  saw  an 
ascus  entirely  empty  itself  in  the  course  of  ten  minutes.  A  similar 
process  has  been  observed  in  Gnomonxa  erythrostoma,  a  somewhat 
closely  related  fungus,  by  Frank  ('86),  and  Frank  states  that 
Zopf  has  observed  such  a  discharge  of  ascospores  in  Chactomium.  The 
discharge  of  ascospores  has  been  observed  in  Guignardia  by  Prillieux 


('86)  Frank,  B.  Uber  Gnomonia  erythrostoma  die  Ursache  einer  jetzt 
herrschenden  Blattkrankheit  der  Siisskirchen  im  Altcnlande,  nebst  bemerkungen 
fiber  Infection  bie  Blattbewohnenden  Ascomyceten  der  Baume  iiberhaupt.  Ber.  d. 
deutsch.  bot.  Gesell.  4:  1.  c.  201-203.  1886. 
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('88;,  Scribncr  and  Viala  (*88;,  and  others.  The  latter  state  that  the 
a.scus  is  discharged  from  the  perithecium,  after  which  the  spores  are 
expelled.  The  writer  has  never  seen  such  an  occurrence.  Hut  Scribner 
(*88j  the  same  year  describes  the  process  much  as  given  above. 

Scribncr  and  Viala  (I.  c.)  describe  a  very  convenient  method  for 
determining  the  distance  to  which  spores  may  be  discharged.  By  float- 
ing a  piece  of  cork,  just  large  enough  to  bear  up  a  mummied  berry 
in  a  test  tube  containing  water,  the  level  may  easily  be  raised  and  lowered 
and  discharged  spores  caught  on  a  cover  glass.  According  to  their 
observations,  and  the  writer's  confirm  them,  "the  height  of  projection 
does  not  exceed  4  cm. ;  at  2  cm.  or  less,  the  greatest  number  of  asco- 
fijKjres  can  be  obtained." 

I'lxcept  for  the  work  of  Frank  just  cited,  the  writer  has  never  seen 
this  method  of  dehiscence  of  the  perithecium  and  projection  of  asco- 
ftporcs  given  the  consideration  that  its  significance  would  seem  to  warrant 
'J'lic  a(iai)tation  is  perfect.  With  each  succeeding  rain  during  the  sum- 
mer, mummies  are  moistened,  the  mature  asci  absorb  water,  swell,  pro- 
trude bo}'(;!ul  the  perithecial  wall,  and  discharge  ascospores  into  the  air. 
Thii  is  a  most  effectual  means  of  dissemination,  and  at  an  opportune 
time,  loo,  since  the  moisture,  as  will  be  seen  later,  affords  opportunity 
for  the  germination  of  spores.  It  now  becomes  apparent,  also,  how 
futile  are  the  efforts  of  certain  experimenters  to  control  Black  Rot  by 
spraying  the  mummied  clusters.  The  amount  of  moisture  reaching  the 
nuunmics  would  not  be  suflicient  to  effect  a  discharge  of  ascospores  and 
in  any  case  the  spray  substance  would  not  reach  the  spore. 

The  spore  as  it  is  shot  from  the  ascus  and  floats  about  in  the  water 
is  ovoid,  but  is  often  swollen  slightly  eccentrically.  (Plate  V,  Fig.  27.) 
The  swelling  of  the  spore  is  often  quite  conspicuous  because  of  the 
abrupt  constriction  on  either  side,  as  seen  in  optical  section.  The  spores 
arc  hyaline,  with  very  finely  granular  contents  and  with  two  large  re- 
fractive dots  near  the  swollen  part  To  all  appearances  the  ascospore 
is  one  celled.  Uixni  careful  observation  one  can  see  on  one  end  an 
inflated  hyaline  vesicle  which  the*  writer  formerly  regarded  as  a  second 
cell,  and  thus  showing  a  close  relationship  of  the  fungus  to  other  Mycos- 
phacrellaccao.  The  appearance  of  the  cell  is  not  at  all  like  the  small 
cell  of  a  Unoinonia  ^x^\\  however,  and  in  microtome  sections  the 
writer  is  not  able  to  distinguish  this  pseudo-cell  at  all,  so  that  he  agrees 

('SS)  Prillicux.  Kvl.  Production  de  pcrilhoces  dc  Physalospora  bidwellii  au 
nrintotups  sur  Ks  jjrains  do  r.ii>ins  altaquos  I'annce  procedentc  par  le  Black  Rot 
lUd.  Soc.  Mnc    !>anct\  4:  su-(»i.     1888. 

CS8^  Sciihucr,  \'\  L.  and  Viala.  1\  IV.ack  Koi.  V.  S.  D.  A.,  Rot.  Div..  Sec 
Vcj:.  Path    lUd.  7:  1.  c.  jj-     li^'v 

i'8ii)  Scrib'ier,  F.  L.  New  Observatior.s  o*^  the  Fungus  of  Black  Rot  of 
Grapes,     Proc.  Soc  Prom,  Agr.  Sd,  9:  68-7^     iSiSS^  /-^  1 
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with  Prillieux  ('88)  "that  they  bear  at  their  extremity  a  little  mucilagi- 
nous material,  inflated  and  transparent,  which  probably  aids  in  fixing 
them  to  the  leaf  where  they  may  germinate.*'  When  left  in  water  a 
few  hours  the  vesicle  becomes  so  transparent  as  not  to  be  seen  at  all. 

The  spores  germinate  slowly  even  under  the  most  favorable  conditions. 
On  a  glass  slide  in  distilled  water,  in  fresh  rain  water,  sugar  solutions, 
etc.,  or  on  a  berry  or  leaf  in  a  drop  of  any  of  these  liquids,  either  on 
the  vine  or  in  a  moist  chamber,  and  at  various  natural  temperatures, 
the  writer  has  never  succeeded  in  obtaining  germ-tubes  on  ascospores 
in  less  than  thirty-six  hours.  It  is  more  often  forty  or  even  sixty 
hours.  Drawings  in  Fig.  28,  Plate  V,  show  forty-eight  hour  germ- 
tubes.  These  are  the  longest  tubes  obtained  at  forty-eight  hours,  but 
some  of  them  are  long  enough  to  have  reached  beneath  the  cuticle  and 
epidermis  and  have  established  themselves.  The  germ-tube  may  come 
from  any  point  on  the  spore  but  usually  from  the  side.  The  spore  does 
not  become  septate  on  germination. 

Meteorological  relations 

An  examination  of  the  appended  meteorological  data  (p.  347) 
will  show  that  at  intervals  during  the  summer  months  there  have  been 
periods  of  rain  or  rain  followed  by  fogs  or  cloudy  weather  of  two 
to  three  days  duration  or  even  more.  This  is  longer  than  is  required 
for  the  germination  of  ascospores.  The  rain  furnished  water  for  the 
discharge  of  the  ascospores  and  also  the  moisture  necessary  for  their 
germination.  The  writer  will  refer  to  this  matter  again  under  the  head- 
ing "  control,"  since  here  seems  to  lie  the  fundamental  basis  for  a 
rational   method  of   control. 

Logically,  the  writer  should  first  discuss  the  entrance  of  the  germ- 
tube,  but  this  has  been  left  until  a  later  heading.  He  will  discuss  there 
his  many  futile  attempts  to  observe  this. 

Mycelium 

It  seems  certain,  however,  that  the  germ-tube  of  these  spores  must 
penetrate  the  cuticle  and  in  some  way  get  to  the  interior.  There  the 
mycelium  develops  slowly  by  the  further  growth  and  branching  of  the 
germ-tube.  It  ramifies  the  parts  attacked  to  a  distance  nearly  equalling 
the  limits  of*  the  lesion.  That  it  does  not  extend  fully  as  far  as  the 
lesion  would  seem  to  indicate  that  some  substance  is  excreted  which 
precedes  the  mycelium  for  some  distance,  killing  the  host  cells  in  ad- 
vance. The  mycelium  during  this  period  of  incubation  does  not  develop 
rapidly,  seeming  to  indicate  that  it  has  some  difficulty  in  overcoming  the 


('88)    Prillieux,  Ed.  Bui.  Soc.  Myc.  France  4:  59-61.     1888. 
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resistance  of  the  cells  of  the  host.  Plate  II,  Fig.  8  is  a  photomicro- 
graph of  a  sector  of  a  thin  slice  from  the  surface  of  a  berry  and  in- 
cludes only  a  lesion  which  is  not  more  than  twelve  hours  old.  The 
germ-tube  of  the  spore  entered  at  least  ten  days  previous.  The  radiating 
mycelium,  stained  with  eosin,  can  be  seen  and  an  examination  shows  it 
to  be  of  limited  extent.  Also,  cross  sections  of  such  s}X)ts  show  that 
it  has  penetrated  only  to  a  short  distance.  At  this  stage  the  mycelium 
is  hyaline,  with  granular  contents,  frequently  septate,  very  irregular  in 
diameter  even  in  the  same  hypha,  producing  gnarled  lateral  branches  and 
proceeding  by  gnarled  blunt  tips  as  well  as  by  acute  ones.  It  measures 
in  diameter  from  1.5  to  3.5  microns.  Examination  shows  it  to  be  not 
only  intercellular  but  also  intracellular.  Haustoria  are  not  developed. 
Old  mycelium  becomes  brownish  in  color.  That  part  which  becomes 
modified  to  form  fruiting  bodies  turns  yellow,  then  brown,  and  later 
becomes  very  black.     (Plate  IV,  Fig.  25.) 

Period  of  incubation 

After  a  period  of  time,  spoken  of  as  the  period  of  incubation,  the 
effect  of  the  mycelium  is  apparent  to  the  eye,  in  the  form  of  lesions 
already  described.  This  period  of  incubation  varies  with  the  weather 
conditions.  With  hot  and  dry  weather  the  period  is  materially  re- 
duced, and  with  moist  cool  weather  it  is  longer.  In  tender,  juicy  fruits, 
also,  the  period  is  shorter  than  in  stems  and  leaves.  The  writer  has 
observed  spots  on  fruits  eight  days  after  the  rain  which  permitted  the 
infection  and  on  leaves  two  days  later,  while  in  other  cases  he  has 
recorded  incubation  periods  of  eighteen  days  on  fruits  and  twenty-one 
days  on  leaves.  Prunet  ('98)  states  that  the  period  of  incubation  may 
be  ten  to  twelve  days  in  July  and  twenty-two  to  twenty-five  days  in 
April  and  May.  Infections  from  the  three  rainy  days  of  June  22nd, 
23rd,  and  24th,  1908,  appeared  on  the  afternoon  of  the  three  successive 
days  July  3rd,  4th,  and  Sth,  thus  making  the  period  of  incubation  just 
ten  days  in  length.  On  July  10,  1907,  a  very  general  infection  appeared, 
following  a  continued  rain  which  began  in  the  evening  of  June  22, 
the  period  of  incubation  in  this  case  being  eighteen  days  for  fruits  and 
twenty  to  twenty-one  days  on  leaves.  Many  other  instances  might 
be  cited. 

Period  of  susceptibility 

It  is  also  of  interest  to  see  what  aged  leaves  and  fruits  are  infected. 
After  seeing  the  resulting  spots  from  the  infection  of  June  22,   1907. 


('q8)   Prunet,  A.     Observations  et   experiences  sur  le  Black  Rot.     Rev.   Vit 
9:  1.  c.  658.     1898. 
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which  appeared  July  12,  it  soon  became  apparent  that  only  certain  aged 
leaves  had  been  infected.  The  first  leaf  of  a  shoot  practically  never  had 
spots  on  it,  the  second  often  had  several,  but  the  third  invariably  had 
spots  on  it  if  there  were  spots  on  any  of  the  leaves.  The  fourth  leaf 
was  nearly  always  free  and  the  fifth  or  sixth  was  usually  terminal  and 
also  free.  Fortunately  the  writer  'has  a  photograph  of  a  vine,  made 
June  22^  1907.     (Figs.  140  and  141.)     This  shows  that  on  the  date  on 


Fig.   140. —  Shows  stage  of  development  of  vines  at  Romulus,  N.   Y,,  on  June  22, 
1907,  the  date  of  the  first  infection  of  the  season. 


which  infection  actually  took  place,  the  third  leaf  on  most  of  the  shoots 
was  really  not  fully  expanded,  so  that  it  was  still  in  a  tender  and  growing 
stage.  The  fourth  leaf  was  still  smaller  at  that  time,  if  it  had  unfoldeH 
at  all.  In  some  cases  shoots  had  not  made  as  much  progress  as  in 
others,  and  on  them  the  second  leaf  was  still  growing  and  in  fact  in 
some  just  expanding.  Observations  in  confirmation  of  this  fact  have 
been  made  in  connection  with  many  infections,  and  it  is  very  evident 
that  only  leaves  which  are  in  a  tender  and  growing  condition  are  sus- 
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ceptible  of  infection.  It  is  unusual  to  find  Black  Rot  spots  of  different 
ages  on  the  same  leaf.  In  1907,  the  writer  did  not  find  such  a  condition, 
but  on  June  13,  1908,  he  found  very  small  young  spots  on  leaves  which 
had  developed  spots  first  on  June  loth.  This  may  be  explained  by  the 
fact  that  two  rains  came  so  close  together  that  a  very  small  leaf  had 
not  matured  sufficiently  to  become  immune  to  infection.  A  similar  con- 
dition was  found  on  July  6,  1908,  from  the  separate  infections  of  June 
22nd,  23rd,  and  24th. 


Fig.  141. — A  photograph  at  closer  range  of  a  few  shoots  shozvn  in  Fig.  140. 


The  writer  soon  noticed  that  to  locate  Rot  lesions  on  shoots  it  was 
necessary  only  to  find  a  spotted  leaf.  In  the  vicinity  of  spotted  leaves, 
and  only  there,  can  one  readily  find  lesions  on  green  shoots,  leaf  petioles 
or  tendrils.  These  parts,  of  course,  are  also  in  a  growing  condition  at 
the  time  of  infection  of  the  leaf,  and  as  soon  as  the  tissue  becomes  firm 
and  hard,  infection  does  not  occur. 

The  early  infections  which  appear  on  the  leaves  do  not  develop  on 
the  clusters  except  on  the  pedicle.  The  calyx  cap  seems  to  be  a  protec- 
tion to  the  young  berry.  The  pedicles  are  often  infected,  however,  and 
thus  prevent  the  further  development  of  the  berry.  As  soon  as  the 
calyx  has  fallen,  the  berry  is  especially  susceptible  to  infection  and 
continues  so  throughout  its  existence. 
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The  susceptibility  of  only  certain  aged  leaves  to  infection  seems  to 
have  been  noted  first  by  Viala  ('89),  but  many  others  have  recorded 
similar  observations  since  and  the  facts  have  been  worked  out  in  detail 
by  Prunet  ('97)  ('98)  and  figured.  In  Figs.  103  and  104  he  shows  the 
difference  in  thickness  of  the  cuticle  of  a  young  leaf  and  an  old  one, 
and  explains  the  phenomenon  as  one  of  purely  mechanical  diffic-ulty.  He 
also  states  that  the  cuticle  of  the  berry  never  becomes  suberized  and 
thus  explains  the  continued  susceptibility  of  the  berry  to  infection. 

There  is  a  popular  belief  among  vineyardists  that  after  a  berry  has 
reached  a  certain  stage  in  its  development,  e.  g.  when  the  seed  becomes 
hard,  it  becomes  more  or  less  resistant  to  attack.  The  reason  for  believ- 
ing this  is  that  late  in  the  season  (i.  e.  after  July  20  to  August  i)  there 
are  rarely  new  invasions  which  take  down  a  marked  amount  of  the 
crop.  The  writer  has  noticed  this  fact  also,  and  for  a  time  was  at  a 
loss  for  an  explanation.  However,  he  has  never  had  any  difficulty  in 
finding  occasional  new  rot  spots  on  most  varieties  of  grapes  up  to  ship- 
ping time  provided  there  had  been  a  rain  to  allow  for  an  infection  and 
sufficient  time  had  elapsed  for  incubation.  The  explanation,  which  he 
believes  to  be  the  correct  one  for  this  phenomenon,  will  be  given  later 
in  this  paper,    (page  329.) 

Origin  and  development  of  pycnidia 

After  the  appearance  of  the  Black  Rot  lesions  it  is  remarkable  with 
what  great  rapidity  the  pycnidia  develop  and  form  pycnospores.  That 
the  process  is  very  rapid  the  writer  found  from  his  studies  of  their  de- 
velopment. He  has  numerous  sections  of  leaf  spots  which  were  pre- 
served to  show  stages  in  the  development  of  the  pycnidium,  but  he 
finds  very  few  transition  stages.  Either  there  is  no  evidence  of  pycnidia 
or  they  are  fully  developed  and  contain  pycnospores.  This  shows  that 
the  process  is  very  rapid  and  also  seems  to  indicate  that  the  greatest 
activity  is  at  night,  since  he  has  never  made  a  special  effort  to  obtain 
material  at  night,  but  has  fixed  it  at  almost  all  hours  during  the  day. 
He  does  find  an  occasional  transitional  stage,  however. 

The  mycelium  of  the  fungus  is  pretty  well  masked  in  the  fresh 
leaf  by  the  abundance  of  plastids  of  various  sorts  in  the  host  cells,  and 
in  stained  sections  by  the  intense  staining  reaction  of  the  contents  of 


C89)  Viala,  P.    Une  Mission  Viticole  en  Amerique.    L  c.  239. 

('97)  Prunet,  A.  Sur  revolution  du  Black  Rot.  Compt.  Rend.  Acad.  Sci. 
Paris.  las:  664-667.  1897.  Also,  Prog.  Agr.  et  Vit.  28:  598-600.  1897.  2« 
semestre. 

C98)  Prunet,  A.  Observations  et  experiences  sur  le  Black  Rot.  Rev.  Vit.  9: 
497-505;  535-541;  601-603;  621-628;  656-664;  677-684.     18^)8. 
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these  same  cells.  In  prepared  sections,  stained  with  iron  haematoxylin, 
the  mycelium  can  be  seen,  however,  as  short,  deeply  staining  bands  or 
threads.  At  some  point  directly  beneath  the  epidermis  and  between 
.  two  of  the  underlying  palisade  cells,  hyphae  intertwine  and  fonn  a 
gnarl.  (Plate  III,  Fig  12.)  By  a  rapid  increase  in  the  number  of 
fungous  cells  as  well  as  by  a  slight  increase  in  the  size  of  the  individual 
cells,  the  adjacent  host  cells  are  pushed  aside.  Two  palisade  cells  may  be 
separated  their  .entire  length  by  the  hyphal  gnarl  and  the  gnarl  may 
even  extend  some  distance  into  the  spongy  parenchyma.  Mycelial  fila- 
ments on  the  periphery  of  the  gnarl  anastomose  to  form  a  pseudoparen- 
chyma.  The  point  of  greatest  activity  seems  to  be  on  the  interior  of 
the  gnarl,  and  with  continued  growth  there  the  still  flexible  wall  of  the 
pycnidium  is  forced  centrifugally  in  all  directions.  At  this  time  the 
epidermis  of  the  leaf  is  thereby  slightly  elevated  and  the  cuticle  broken, 
thus  giving  the  first  external  evidence  of  the  developing  pycnidium. 
Since  the  processes  are  identical,  we  will  now  bring  the  development 
of  the  pycnidium  in  berries  up  to  this  point  and  then  carry  the  descrip- 
tion of  both  through  the  formation  and  discharge  of  spores. 

The  writer  has  intimated  above  that  the  process  of  the  formation  of 
pycnidia  is  a  rapid  one.  Their  development  in  the  fruit  has  been  studied 
with  great  care  and  considerable  accuracy  with  respect  to  the  time 
element.  This  was  in  connection  with  a  study  of  the  successive  histologi- 
cal changes  which  take  place  in  the  structure  of  the  berry  as  the 
disease  progresses.  On  July  3rd,  4th,  and  Sth,  1908,  new  infections 
appeared  in  great  abundance  on  the  fruit,  following  the  rains  of  June 
22nd,  23rd,  and  24th.  Between  11:30  a.  m.  and  i  p.  m.  on  each  of 
these  days,  an  enormous  number  of  new  lesions  appeared  and,  "being 
separated  by  twenty- four  and  forty-eight  hours  respectively,  were  readily 
distinguishable  for  several  days.  Examination  of  lesions  approximately 
thirty  hours  old  (taken  July  4th  at  6  p.  m.),  either  in  stained  sections 
or  in  fresh  condition,  does  not  reveal  the  faintest  trace  of  pycnidial 
formation.  But  material  taken  at  5 130  a.  m.,  July  Sth  (forty-two  hours), 
shows  that  pycnidia  have  not  only  formed  during  the  night,  but  that 
spores  are  already  present  in  quantity.  Since  the  writer  had  not  antici- 
pated such  rapid  development,  it  was  fortunate  that  from  the  infec- 
tion which  appeared  July  4th,  he  examined  and  preserved  material  for 
sections  in  which  the  lesions  were  approximately  thirty-six  hours  old, 
and  which  may  be  substituted  for  July  4th»  12  p.  m.,  in  this  series. 

In  this  material  he  finds  an  abundance  of  pycnidia  in  all  stages  of 
development.  The  pycnidium  is  developed  by  the  interweaving  and  later 
the  anastomosing  of  mycelial  hyphae  at  a  point  just  under  the  epidermis 
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and  between  the  cells  of,  or,  in  rare  cases,  deep  in,  the  hypodermal 
parenchyma.  The  rapidity  of  formation  is  astonishing.  In  six  hours, 
more  or  less,  after  stages  shown  in  Plate  III,  Fig.  12,  we  have  a  condi- 
tion seen  in  Plate  III,  Fig.  13.  Cells  of  the  hypodermal  parenchyma 
are  pushed  back  until  quite  a  cavity  is  formed.  As  previously  men- 
tioned, this  is  by  a  rapid  growth  in  the  interior  of  the  gnarled  mass  of 
hyphae  causing  an  outward  pressure.  Soon  the  innermost  hyphae 
of  the  young  pycnidium  are  seen  (in  cross-section)  to  be  much 
less  interwoven  and  not  anastomosed  at  all.  (Plate  II,  Fig.  11.)  They 
also  extend  radially  toward  the  centre.  Now  the  tips  of  these  cells 
which  grow  downward  toward  the  centre  of  the  now  more  or  less 
evident  pycnidium,  as  they  reach  the  centre,  become  enlarged  and  clavate. 
Soon  a  constriction  just  back  of  the  clavate  head  becomes  evident.  This 
becomes  deeper  and  deeper  and  soon  the  tip  is  entirely  abstricted,  thus 
forming  a  pycnospore.  (Plate  II,  Fig  10.)  The  young  pycnospores  may 
be  variously  shaped.  Some  are  elongate,  others  are  curved,  while  still 
others  are  nearly  globose.  There  is  more  or  less  a  tendency  for  them 
to  become  ovoid  when  the  pressure  from  all  sides  becomes  equal,  but 
as  can  be  seen  from  the  illustrations  and  measurements  they  are  not 
always  so.    (Plate  V,  Figs.  30,  31  32.) 

Quantities  of  these  spores  are  formed,  and  the  cavity  which  con- 
tains them  becomes  larger  either  at  the  expense  of  the  pseudoparenchyma 
lining  the  pycnidium  or  by  the  crowding  back  of  the  heavier  walls.  It 
seems  that  both  factors  enter,  and  since  the  thick  walled  pseudoparenchy- 
matous  cells  are  elongated  and  not  globose  would  seem  to  indicate  that 
the  latter  factor  is  of  some  importance. 

In  the  case  of  lesions  on  leaves  or  stems  the  pycnidia  develop  almost 
simultaneously,  but  on  the  berry  pycnidia  appear  first  at  the  centre  of  the 
lesion  (first  visible  to  the  naked  eye  as  a  blackening)  and  follow  in 
regular  sequence  the  progress  of  the  lesion  until  in  a  week  or  ten  days 
the  whole  berry  is  blackened.  The  writer  had  expected  to  find  in 
berries  which  were  only  partially  blackened  that  sections  made  in  the 
right  direction  would  show  pycnidia  in  all  stages  of  development.  How- 
ever, on  careful  examination  he  found  that  this  is  not  true,  and  he  is 
at  a  loss  for  an  explanation  unless  it  be  that  the  formation  of  new 
pycnidia  takes  place  exclusively  at  night  and  that  the  process  is  so 
rapid  that  by  the  next  morning  the  spores  are  developed.  Material 
taken  12  p.  m.,  July  5,  1908,  shows  an  abundance  of  young  stages.  The 
mature  pycnidium  varies  considerably  in  size  and  shape,  but  all  varia- 
tions can  be  found  on  all  parts  of  the  vine  attacked.  Pycnidia  are 
usually  globose  or  nearly  so  and  may  be  from  80  to  180  microns  in 
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diameter.  Sometimes  the  pycnidium  is  somewhat  flattened  and  has  a 
short  stoma.  On  leaves  there  is  a  well-delevoped  ostiole  (Plate  II,  Fig. 
9),  but  pycnidia  on  fruits  do  not  always  have  this  so  well  developed. 

As  the  pycnospores  are  developed,  they  are  enveloped  in  a  mass  of 
gelatinous  matter  so  that  they  are  held  apart.  The  gelatinous  matter  does 
not  stain  and  in  photomicrographs  of  a  section  the  spores  seem  to  be 
isolated.  With  moisture  this  gelatinous  matter  swells,  and  in  this  way 
each  rain  that  comes  after  the  pycnospores  are  developed  causes  their 
discharge  from  the  pycnidium.  Prunet  ('99)  has  shown  that  pycno- 
spores will  not  be  discharged  unless  there  is  moisture  present.  He  found 
pycnidia  two  months  old  in  which  the  pycnospores  were  intact  owing  to 
the  lack  of  precipitation.  Following  a  rain  or  even  very  heavy  fog  or  dew 
it  is  easy  to  find  these  pycnospores  exuded  from  the  pycnidium^  occa- 
sionally in  a  short  white  "  worm  "  a  few  millimeters  in  length,  but  more 
frequently  forming  a  whitish  cap  on  the  apex  of  the  pycnidium. 

Pycnospores     (Plate  V,  Figs.  30-36.) 

The  mature  pycnoSpore  as  it  is  extruded  from  the  pycnidium  is 
globose,  ovoid,  or  sometimes  oblong.  It  measures  8.5  to  11.5  by  6.5  to 
8.5  microns.  Its  contents  are  coarsely  granular,  i.  e.  it  is  packed  very 
full  of  large  globules  of  substance  which  appear  oily.  In  stained  sec- 
tions it  is  seen  to  be  bi-nucleate.  (Plate  III,  Fig.  18.)  It  is  hyaline  and 
does  not  become  darker  nor  septate  on  germination.  Shear  ('07)  re- 
ports the  presence  of  a  very  hyaline  appendange  at  the  apex  of  the 
pycnospore.  He  figures  such  an  appendage  on  pycnospores  of  Guig- 
nardia  vaccinii.  In  his  description  he  states  that  **  it  (appendage)  is, 
however,  shorter  and  less  easily  distinguished  than  that  of  Guignardia 
vaccinii,  and  soon  disappears  in  mounted  specimens."  With  this  state- 
ment in  mind,  the  writer  has  made  very  careful  examinations,  with  an 
immersion  objective,  of  pycnospores  from  leaves,  stems,  and  fruits,  when 
young  as  well  as  when  extruded  from  the  pycnidium,  and  has  never 
yet  been  able  to  see  this  appendage.  The  only  case  approaching  this 
condition,  which  he  has  seen,  was  one  in  which  the  spore  had  not  yet 
been  entirely  abstricted  from  the  basal  cell,  the  latter  clinging  to  it  as 
an  appendage.  Dr.  Shear  has  assured  the  present  writer  that  he  has 
often  seen  this  appendage,  and  the  latter  is  at  a  loss  to  explain  why  he 
has  not  succeeded  in  seeing  it,  unless,  indeed,  it  is  not  constantly 
formed. 


Cqq)  Prunet,  A.  Nouvelles  recherches  sur  le  Black  Rot.  Rev.  Vit.  la:  1.  c 
112.     1899. 

('07)  Shear,  C.  L.  Cranberry  Diseases.  U.  S.  D.  A.,  B.  P.  I.  Bui.  xiotf 
I.  c.  15.    1907. 
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Germination  of  pycnospores 

The  pycnospores  germinate  readily  in  distilled  or  rain  Water,  pro- 
ducing a  single  simple  germ-tube  as  shown  in  Fig.  34,  Plate  V.  The 
length  of  time  for  germination  varies  considerably  and  for  no  known 
reason.  The  writer  finds  in  his  notes  of  July  11,  1908,  the  statement 
that  *'  conidia  put  to  germinate  yesterday  have  germinated  at  the  end 
of  twenty  hours  with  a  long  germ-tube."  This  was  on  fruit.  And 
further,  "germination  seems  about  as  good  in  distilled  or  rain  water 
on  slides  as  in  the  same  liquids  on  the  surface  of  berries  or  leaves." 
Often  he  has  not  observed  germination  in  less  than  twenty-four  or 
even  thirty-six  hours.  But  with  the  above  data  at  hand,  it  was  evident 
that  the  germ-tube  was  much  longer  than  would  be  necessary  to  pierce 
the  cuticle  and  place  the  developing  mycelium  beyond  the  harm  of  a 
toxic  spray.  On  July  14,  1908,  *'  pycnospores  were  placed  in  drops  of 
water  on  berries  at  9  a.  m.  Six  hours  later,  examinations  were  made  to 
see  how  far  germination  has  progressed.  A  very  few  spores  had  germi- 
nated slightly;  most  had  not  gone  far  enough  to  show  a  germ-tube."* 
Again  on  July  17,  1908,  similar  studies  were  made.  At  the  end  of 
twelve  hours,  examination  "  shows  that  some  of  the  pycnospores  have 
already  gerfninated  though  the  number  is  rjelatively  small."  (Plate  V, 
FJ&-  33')  These  studies  were  made  under  practically  natural  conditions 
in  relation  to  temperature  and  moisture  and  were  in  drops  of  water  on 
the  surface  of  berries  the  clusters  of  which  had  been  freshly  picked  and 
placed  in  a  moist  chamber. 

Viala  et  Ravaz  ('88)  state  that  pycnospores  will  germinate  in  three 
or  four  hours,  while  Scribner  ('86)  states  that  "the  stylospores  germi- 
nate freely  in  water  within  the  space  of  three  or  four  hours."  But 
more  recently  Ravaz  et  Gouirand  ('97),  after  an  extended  germination 
study,  state  that  pycnospores  rarely  germinate  in  rain  water  in  less 
than  twelve  hours  and  it  is  more  often  twenty-four  hours.  These 
authors  also  state  that  spores  do  not  germinate  in  a  humid  atmosphere 
but  must  have  precipitated  moisture.  It  seems  evident,  then,  that  fre- 
quently in  ten  to  twelve  hours  in  our  region  a  pycnospore  may  have 
germinated,  and,  if  the  germ.-tube  penetrates  the  berry  directly,  have 
become  established  under  the  cuticle  or  epidermis  of  the  host  and  inde- 
pendent of  external  conditions. 


♦Quotations  from   the  writer's  field  notes. 

('86)   Scribner,  F.  L.     Botanical  Characters  of  the  Black  Rot.  Physalospora 
bidwellii  Sacc.    Bot.  Gaz.  11:  297-302.     1886. 

C88)  Viala,   P.  et   Ravaz,    L.    Le  Black  Rot  et  le  Coniothyrium  diplodiella. 
Montpellier.     1888.  deuxieme  edition.     1.  c.  24. 

■    C97)  Ravaz,  L.  et  Gouirand,  G.     Recherches  sur  le  traitement  des  maladies  61 
la  Vignc.    Rev.  Vit.  7:  1.  c.  307.    1897.     i"  semestre. 
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Appressoria 

It  is  known  that  upon  germination  many  spores  produce  a  short 
tube  on  the  end  of  which  a  spore-like  body,  commonly  known  as  an 
apprcssorium,  is  developed.  Frank  ('86)  records  a  similarly  developed 
body  on  the  germinating  spores  of  Gnomonia  erythrostonva,  a  fungus 
somewhat  closely  related  to  the  Black  Rot  fungus.  He  finds  that  the 
tube  of  penetration  develops  from  this  appressorium.  Appressoria  in 
the  anthracnose  fungi  are  well  known  from  the  studies  of  Halsted  (*93) 
and  of  Hasselbring  ('06),  who  gives  a  resume  of  the  literature  on  the 
subject.  Prunet  ('98)  has  seen  and  illustrates  the  secondary  spores  on 
the  germ-tubes  of  germinating  ascospores  of  Guignardia  bidwellii.  He 
regards  them  as  especially  resistant.  Some  are  figured  as  having  two 
or  three  cells. 

In  the  present  writer's  numerous  attempts  to  observe  the  entrance 
of  the  germ-tube  he  has  seen  many  germinated  ascospores  and  pycno- 
spores.  In  July,  1908,  he  noticed  in  some  germinated  pycnospores  that 
at  the  end  of  the  germ-tube  there  was  an  appressorium-like  body.  This 
body  is  brown  and  cut  oflf  by  a  septum.  Its  contents  are  densely  granu- 
lar and  highly  ref ringent.  The  old  spore  and.  tube  are  practically  void 
of  contents  except  for  a  thin  film  of  protoplasm  which  lines  the  spore 
wall.  Upon  examining  some  preserved  slides  of  ascospores,  he  found 
there  also  that  many  germ-tubes  had  an  appressorium  at  the  end,  though 
in  case  of  both  kinds  of  spores  many  are  without  appressoria.  (Plate  V, 
Figs.  29  and  36.)  These  bodies  may  function  as  in  Gnomonia  and  it  is 
possible  that,  had  the  writer  given  more  attention  to  them,  he  might 
have  found  an  entering  germ-tube.  On  the  other  hand,  they  may  serve 
as  a  secondary  conidium  in  case  the  germ-tube  of  the  spore  fails  to 
penetrate  at  the  first  attempt.  The  writer  has  seen  cases  in  which  the 
appressorium  had  produced  a  secondary  mycelial  tube  or  germ-tube. 


(*86)  Frank,  B.  Ueber  Gnomonia  crythrostoma  die  Ursache  einer  jetzt 
herrschenden  Blattkrankheit  der  siisskirchen  im  Altenlande,  nebst  bemerkungcn 
liber  Infection  bci  Blattbewohnenden  Ascomyceten  der  Baume  iiberhaupt.  Ber.  d. 
deutsch,  bot.    Gescll.  4:  L  c.  201-203.    1886. 

([93)  Halsted,  R.  D.  The  Secondary  Spores  in  Anthracnoses.  N.  J.  Agr.  Exp. 
Sta,  Kept  Bot.  Dept.  for  189a:  303-306.  .1893- 

(*98)  Prunet,  A.  Obscr\'ations  et  experiences  sur  le  Black  Rot.  Rev.  Vit  9: 
I.  c.  623.    1808.    Fig.  III. 

(*oi5)  Hasselbring,  H.  The  Appressoria  of  the  Anthracnoses.  Bot.  Gaz.  4a: 
135-14^.    1906. 
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Longevity  of  pycnospores 

Pycnospores  are  often  short  lived  spores,  but  it  is  not  so  in  the  case 
of  the  Black  Rot  fungus.  Scribner  ('88)  says,  "  I  have  germinated  them 
in  water  after  having  kept  them  in  a  dry  place  for  six  months."  Ravaz 
et  Gouirand  ('97)  germinated  spores  in  January  which  had  developed 
on  spots  May  15  and  16  of  the  previous  summer.  It  is  a  generally 
recorded  fact  that  the  pycnospores  may  live  over  winter.  The  writer 
has  found  this  to  be  of  very  frequent  occurrence.  Examination  of  old 
mummies  for  perithecia  will  almost  always  show  the  presence  of  some 


Fig.  142. —  Black  Rot  lesions  on  one  year  old  canes.     {Natural  size.)  Photo.  Aug. 

22,  1907. 


pycnospores.  On  June  25,  1907,  he  found  quantities  of  such  spores 
germinating  after  twenty  hours,  both  in  rain  water  and  in  sugar  solu- 
tion. The  tubes  were  long  (Plate  V,  Fig.  34)  and  capable  of  having 
produced  an  infection  had  they  penetrated  directly.  Fig.  142  shows 
pycnidia  on  canes,  while  Figs.  14,  15  and  16  in  Plate  III,  show  a  sec- 
tion of  a  wintered  petiole  collected  June  24,  1908,  with  pycnidia  and 
pycnospores.    Even  the  basal  cells  seem  to  be  active  and  it  is  a  question 


('88)    Scribner,  F.  L.     New  Observations   on  the   Fungus  of  Black  Rot  of 
Grapes.     Proc.  Soc.  Prom.  Agr.  Sci.  9:  1.  c.  71.     188B. 

('97)  Ravaz  et  Gouirand.    Rev.  Vit.  7:  1.  c.  306.     1897.  r"r>.r^n}t> 
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whether  these  spores  have  not  been  developed  since  the  warm  rains  of 
the  season  of  1908.  The  writer  has  usually  regarded  them  as  spores 
which  have  lived  over  winter,  but  of  this  he  is  not  absolutely  sure. 

Infection  from  pycnospores  on  wintered  parts 

In  the  spring  of  1907,  such  quantities  of  ascospores  were  developed 
and  it  was  so  easy  to  trace  infections  to  such  a  source  that  sufficient 
attention  was  not  given  to  other  means  of  the  fungus  passing  the  winter. 
However,  the  writer  has  recorded  the  germination  of  pycnospores  from 
mummied  berries.  About  August  i,  1907,  he  found  the  lesions  shown  in 
Fig,  142,  and  after  that  had  no  difficulty  in  finding  lesions  both  on  old 
canes  and  tendrils.  Because  of  the  very  small  amount  of  rot  in  1907,  a 
relatively  small  number  of  perithecia  were  formed  in  the  spring  of  1908. 
So  many  cases  of  extreme  infection  were  found  that,  knowing  of  the  oc- 
currence of  pycnospores  on  dead  parts,  it  was  not  difficult  in  many  cases 
to  locate  the  sources  of  infection.  Careful  examination  would  usually 
show  the  presence  of  pycnospores  on  old  canes,  tendrils  or  leaf  petioles. 
The  writer  feels  safe  in  saying  that  more  than  half  of  the  primary  in- 
fections of  1908  in  the  vineyard  at  Romulus  were  from  pycnospores 
rather  than  from  ascospores.  He  had  thought  from  examinations  that 
pycnospores  were  the  only  bodies  of  reproduction  ever  developed  on 
canes,  tendrils,  etc.,  but  in  studying  a  microtome  section  of  a  leaf  petiole 
shown  in  Plate  HI,  Fig.  14,  he  found  a  perithecium  containing  some 
immature  ascospores.  (Plate  I,  Fig.  6.)  This  was  not  entirely  unex- 
pected, for  in  1907  he  had  found  pedicles  with  quantities  of  peritheaa 
on  them.  However,  he  believes  the  occurrence  of  perithecia  on  such 
parts  is  relatively  rare. 

Spermogonia    (Plate  HI,  Fig.  19,  and  Plate  IV,  Figs.  21,  22  and  25.) 

When  Engelmann  studied  the  Black  Rot  fungus  in  1861  it  was  the 
sfiermo^onial  stage  which  he  saw  and  described.  Since  that  time,  sper- 
mogonia have  been  seen  and  studied  by  nearly  every  worker  who  has 
dealt  with  this  disease,  and  yet  we  seem  no  nearer  a  true  explanation 
of  their  function  than  ever.  They  have  been  taken  for  reproductive 
bodies  of  a  j^arasite  on  the  Black  Rot  fungus.  (See  the  folbwing  refer- 
ence. 1.  c.  31.  32.)  \'iala  et  Ravaz  (*88)  claim  to  have  proved  con- 
clusively that  they  are  simply  a  stage  of  the  Black  Rot  fungus,  and  they 
are  of  the  opinion  that  the  spermatia  are  "  designed  to  disseminate  the 
fundus  during  its  period  of  activity  on  account  of  their  extreme  light- 

('88^  \'i;ila.    P.  et    Rava7    L.    Le    B'ack    Rot    et    le   ConiothxTiuni    diplodier:: 

MotiiptUicr       I^''^'8,   ileiixicmc  edition.     1.  c.  34. 
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ness  and  probable  resistance  to  dryness."  It  is  very  frequently  stated 
that  the  spermogonia  are  formed  early  in  the  season  and  are  not  of  gen- 
eral occurrence  later.  Scribner  ('88)  and  Scribner  and  Viala  ('88)  are 
of  this  opinion.  On  the  contrary,  the  present  writer  very  rarely  finds  it  to 
be  the  case.  On  berries  which  showed  new  lesions  July  3rd,  4th  and  Sth, 
1908,  and  on  which  numerous  pycnidia  were  developed  in  a  few  days,  he 
made  frequent  examinations  for  spermogonia.  On  July  loth,  he  wrote 
in  his  notes,  **  in  all  examinations  thus  far  made  there  have  been  no  indi- 
cations of  spermogonia  in  any  case.  They  do  not  seem  to  be  formed 
this  early  in  the  season."  But  such  berries  kept  in  a  moist  chamber  for 
a  few  days  developed  spermogonia.  On  July  14th  he  wrote,  "  on  exam- 
ining sections  of  rotted  berries  numerous  spermogonia  with  spermatia 
were  found."  Microtome  sections  of  such  material  show  that  the  num- 
ber of  spermogonia  is  in  reality  relatively  small.  On  berries  rotted  by 
a  later  infection  than  the  ones  just  mentioned,  spermogonia  are  numerous, 
as  can  be  seen  in  microtome  sections  made  from  material  put  up  at  that 
time.  In  material  of  October  5,  1907,  spermogonia  are  very  abundant. 
On  this  date,  in  walking  through  the  vineyard  many  of  the  more  recently 
rotted  berries  appeared  shining  as  though  oil  had  been  poured  over 
them.    This  was  from  the  great  quantity  of  exuded  spermatia. 

Development  of  spermogonia 

The  development  of  the  spermogonium  does  not  differ  materially 
from  that  of  the  pycnidium,  at  least  in  early  stages.  Often  it  is  developed 
in  a  stroma  with  the  pycnidium,  and  the  two  are  separated  only  by  a 
thin  membranous  wall.  The  hyphal  gnarl  is  present  just  below  the 
epidermis.  This  develops  as  in  the  pycnidium,  the  hyphae  becoming 
darker  and  darker  and  eventually  anastomosing  at  the  periphery.  The 
development  of  the  spermogonium  is,  however,  not  nearly  so  rapid  as 
that  of  the  pycnidium,  so  that  one  can  find  spermogonia  in  the  younger 
stages  of  development  more  readily.  The  pseudoparenchyma  at  the 
periphery  formed  by  the  anastomosing  of  hyphae  becomes  darker  as  new 
pseudoparenchymatous,  thinner  walled,  and  lighter  colored  cells  are 
formed  on  the  interior.  The  young  spermogonium  is  nearly  filled  with 
pseudoparenchyma  and  it  is  only  in  the  very  centre  that  a  few  hyphae 
remain  that  do  not  anastomose.  These  hyphae  become  arranged  more 
or  less  radially,  thus  forming  the  basal  cells  for  the  abstriction  of  sper- 
matia. The  writer  believers  these  cells  are  nourished  to  some  extent  by 
the  pseudoparenchyma,  for  \n  old  spermogonia  the  quantity  of  such  cells 


('88)  Scribner,  F.  L.     Proc.  Soc.  Prom.  Agr.  Sci.  9:  1.  c.  70.     1888 
('88)   Scribner.  F.  L.  and  Viala.  P.     U.  S.  D.  A..  Bot.  Div.,  Sec.  Veg.  Path. 
Bui.  7:  1.  c.  19.     1888. 
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is  much  reduced  as  compared  with  younger  ones.  The  basal  cells  are 
longer  than  those  of  the  pycnidium  but  of  about  the  same  diameter. 
The  spermatia  which  are  cut  oS  from  the  tip  of  these  cells  have  not 
nearly  so  great  diameter.  The  basal  cells  lie  very  regularly  and  project 
from  all  sides  of  the  spermogonium  toward  the  centre  and  have  the 
general  appearance  of  the  spermogonium  of  a  Uredine.  The  spermogo- 
nium is  sometimes  as  large  as  a  pycnidium,  though  more  often  it  is 
smaller.  Great  quantities  of  spermatia  are  developed  and  are  forced  out 
through  the  long  ostiole  which  is  developed  at  the  apex. 

It  is  very  common  to  find  pycnospores  intermingled  with  the  sper- 

i  matia.     (Plate  III,  Fig.  17.)     The  mature  spermatium  is  a  very  small 

body.    (Plate  V,  Fig.  37.)    It  measures  .1  to  .2  x  .45  to  .65  microns.    In  a 

liquid  mount  it  has  a  dancing  motion  and  for  that  reason  one  has  difficulty 

in  securing  a  drawing  of  it.    In  such  a  medium  it  appears  to  be  dumb-bell 

I  shaped  but  in  stained  sections  it  is  seen  to  be  cylindrical  but  with  densely 

!  straining  substance  in  each  end  which,  being  very  refractive,  gives  the 

dumb-bell  effect.    The  writer  has  made  frequent  attempts  ta  germinate 

spermatia  in  distilled  and  rain  water  and  in  sugar  solutions  but  has 

j  never  succeeded.    These  attempts  have  not  only  been  made  as  the  sper- 

I  matia  exude  from  the  spermogonium  but  also  after  they  had  wintered 

i  over  in  an  old  mumn^y. 

A  great  many  conjectures  have  been  made  as  to  the  function  of  these 
bodies.  Nearly  every  worker  has  added  to  the  list  Many  have  regarded 
spermogonia  as  vestiges  of  a  male  sexual  stage.  The  opinion  of  Viala 
et  Ravaz  that  they  are  a  special  conidium  which  will  germinate  only 
under  special  conditions  and  which  serve  for  very  wide  and  very  rapid 
dissemination  has  already  been  noted.  But  this  latter  idea  carries  little 
weight,  for  spermogonia  do  not  become  abundant  until  August  ist, 
whereas  that  is  about  the  time  when  fewer  infections  appear  in  the  vine- 
yard. In  connection  with  what  will  be  said  in  the  next  paragraph,  the 
idea  that  the  spermogonia  are  a  vestigal  male  element  seems  more  ten- 
able than  any  others  suggested.  However,  Comu  ('76),  referring  to 
spermatia  in  .general,  thinks  this  is  not  the  case. 

In  the  writer's  investigations,  he  has  never  seen  spermogonia  on  any 
part  except  the  berries.  Since  he  has  found  perithecia  on  leaf  petioles  it 
might  be  expected  that  spermogonia  might  also  occasionally  develop  <mi 
such  parts,  but  thus  far  he  has  never  found  them,  Prunet  ('00)  records 
their  cxxnironcc  on  leaves,  stems,  and  elsewhere. 


('-c^^  t'oini:    M,»\      Rt production  des  Ascomyccics.  Ann.  Sci  Xat.  6"^  5cr-»  3: 
(\x>>   Prunet,  A      I\.v.  Vit    13:  1   c.  437      kjlx? 
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Pycnosclerotia     (Plate  IV,  Figs.  22  and  23.) 

After  the  June  and  early  July  rains,  infections  on  leaves  and  stems 
are  not  so  common.  In  fact,  they  are  rarely  met  with.  On  the  berry, 
however,  every  rain  of  any  duration  or  a  shower  followed  by  foggy 
weather  permits  of  a  hew  infection.  Until  about  the  first  of  August, 
pycnospores  are  produced  in  enormous  numbers  on  the  mummied  ber- 
ries. They  are  discharged  with  rain  or  dew  and  produce  new  infec- 
tions if  lodged  in  a  favorable  place  and  the  moisture  persists  long  enough. 
After  about  the  first  of  August,  on  berries  which  show  new  spots,  pyc- 
nidia  as  well  as  spermogonia  develop  in  quantity.  But  on  examination 
with  the  microscope,  most  of  the  pycnidia  are  found  to  be  void  of  pycno- 
spores, i.  e.,  none  are  developed.  In  fact,  such  sporeless  pycnidia  are 
occasionally  found  earlier  in  the  season.  The  development  of  the 
pycnidium  is  typical  except  that  no  basal  cells  are  ever  present.  The 
whole  interior  fills  up  with  a  pseudoparenchyma  of  large  cells  which  are 
gorged  with  a  substance  that  in  fresh  condition  appears  whitish.  These 
are  the  bodies,  which,  the  writer  understands,  Viala  et  Ravaz  call 
sclerotia.  Some  objection  has  been  made  to  the  use  of  this  term  and 
for  clearness  we  shall  call  them  pycnosclerotia. 

Upon  making  thin  microscopic  sections  of  such  pycnosclerotia,  stain- 
ing them  shows  that  in  the  centre  there  are  some  cells  which  retain  the 
stain  much  more  tenaciously  than  others.  (Plate  IV,  Fig.  23.)  This 
recalls  immediately  the  condition  found  in  young  perithecia  in  the  early 
spring,  and  the  writer  is  satisfied  that  they  are  identical.  The  pycno- 
sclerotium  becomes  the  perithecium.  There  are  occasionally  pycnidia 
developed  on  such  berries  which  contain  pycnospores  but  they  are  rela- 
tively scarce,  but  as  has  been  pointed  out  above,  pycnidia  with  pycno- 
spores as  well  as  spermatia  are  often  found  on  the  old  mummies  in  the 
spring.  The  writer  has  also  made  note  of  the  fact  that  it  is  relatively 
difficult  to  find  perithecia  with  asci  on  berries  which,  from  their  size, 
had  evidently  rotted  early  the  previous  season.  The  simultaneous  pro- 
duction of  incipient  perithecia  (pycnosclerotia)  and  spermogonia  in 
addition  to  the  above  facts  might  lead  one  to  believe  that  late  in  the 
season  the  sexual  stages  appear  and  prepare  for  winter.  And  from  this 
one  might  go  a  step  further  and  conjecture  that  originally  a  trichogyne 
from  the  pycnosclerotium  carried  the  male  germ  cell  (spermatium)  to 
the  egg  where  fertilization  was  accomplished. 

But,  on  the  contrary,  practically  every  author  states  that  the  pycnidia 
after  producing  pycnospores  are  transformed  into  perithecia.     Among 
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these  are  the  following:  Prillieux  (*88)  writes  "at  first  sight  one  rec-* 
ogiiizes  such  identity  of  form  and  aspect  between  these  perithecia  and 
the  conceptacles  of  Phoma  uvicola,  one  could  not  doubt  that  they  apper- 
tained to  one  and  the  same  fungus;  but  moreover,  when  one  observes, 
as  I  have  done  in  case  of  the  latter,  very  numerous  berries  desiccated 
by  Black  Rot,  he  can  not  help  but  wonder  at  the  very  complete  disap- 
pearance of  the  pycnidia  which  covered  the  affected  berries  in  the 
autumn;  but  they  are  replaced  by  the  perithecia.  Have  the  pycnidia 
and  spermogonia  of  which  I  have  found  not  a  trace  disappeared  to  give 
place  to  the  perithecial  formation  or  have  they  only  changed  into  peri- 
thecia during  the  winter?  The  latter  supposition  is  the  more  probable 
and  it  is  easily  proven  by  a  study  of  the  ascosporous  conceptacles,  etc." 
Jaczewski  ('00)  writes:  "  the  pycnidium  can  be  changed  at  any  time  to 
the  resting  stage  if  the  bunches  are  exposed  to  the  cold  or  are  dried/' 
and  a  few  lines  later,  "  the  pycnidium  becomes  in  this  manner  a  peri- 
thecium  (Fig.  3)."  The  same  opinion  is  held  by  Perraud  ('99). 
Prunet  ('97)  thinks  they  may  transform  into  perithecia,  pycnidia,  or 
spermogonia. 

In  a  cluster  of  mummies  taken  late  in  the  autumn  or  early  winter, 
since  practically  all  of  the  mummied  berries  cling  to  the  pedicle,  one  can 
find  all  the  various  infections  of  the  summer  and  these  may  be  readily 
distinguished  by  the  size  of  the  mummied  berry.  The  berry  which  rots 
early  is  represented  by  a  much  smaller  mummy.  On  Dec.  i,  1908, 
the  writer  obtained  a  quantity  of  clusters  of  mummies  from  the  vine- 
yard, and  on  the  early  rotted  berries  (infection  of  June  22)  he  finds  that 
the  pycnidia  (and  only  pycnospores  were  developed  at  that  time)  are  now 
filkd  with  a  pseudoparenchyma  and  have  the  general  appearance  of 
pycnosclerotia.  That  they  are  the  same,  however,  is  a  thing  he  has  not 
yet  determined.  lie  is  inclined  to  think  they  are  not,  first,  for  the  rea- 
son cited  above,  and  then  from  the  following  fact:  berries  which  rotted 
from  the  infection  of  June  30,  1907,  were  kept  in  a  screen  in  the  vine- 
yard suspended  to  a  wire  and  protected  by  a  vine  until  autumn  and  then 
were  placed  on  the  ground.  In  the  spring  these  were  brought  in  and 
placed  on  moist  sand.    Perithecia  were  never  developed.    However,  the 


('88)  Prillieux,  Ed.  Production  de  peritheces  de  Physalospora  bidwellii  au 
printemps  sur  Ics  grains  de  raisins  attaques  I'annee  precedent  par  le  Black  Rot. 
Bui.  Soc.  Myc.  France  4:  59-61.    1888. 

('97)  Prunet,  A.  Les  fcrmes  du  parasite  du  Black  Rot,  de  rautomnc  au  prin- 
temps.    Compt.  Rend.  Acad.  Sci.  Paris.  124:  250-252.     1897. 

('99)  Perraud,  Joseph.  Sur  les  formes  de  conservation  et  reproduction  du 
Black  Rot.    Compt.  Rend.  Acad.  Sci.  Paris.  128:  1249-1251.     1899. 

(00)  Jaczewski,  A.  von.  Uber  die  Pilze.  welche  die  Krankheit  der  Wein- 
rebcn  "Black  Rot"  verursachen.    Zeitschr.  Pflanzenkr.  10:  257-267.     1900. 
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writer  did  not  carry  alongside   of   these,  mummies  of  a  later  infection 

which  did  develop  perithecia. 

Conidia     (Plate  IV,  Fig.  24  and  Plate  V,  Fig.  38.) 

Viala  ('93)  records  the  occurrence  of  a  conidial  stage  on  mummies 
which  have  been  left  on  the  ground.  He  also  figures  them.  (His  Fig.  56.) 
The  appearance  of  the  conidiophores  suggests  a  Penicillium.  It  seems 
to  be  the  generally  accepted  opinion  that  this  is  a  Penicillium  and  of  no 
organic  connection  with  the  Black  Rot  fungus.  But  a  number  of  work- 
ers believe  they  have  seen  free  external  conidia  developed.  These  are 
of  two  kinds :  those  developed  from  the  perithecial  wall  on  the  wintered 
mummy  and  others  developed  from  the  pycnidial  wall  on  the  freshly 
rotted  berry.  Scribner  ('86)  in  a  foot-note  quotes  from  Erwin  F.  Smith 
as  follows:  "  these  (the  conidia)  are  usually  borne  on  conidiophores  aris- 
ing from  that  part  of  the  perithecium  which  bursts  through  the  epidermis 
of  the  berry.  I  found  them  very  often  in  this  situation  but  nowhere 
else  on  the  berry,  and  was  slowly  forced  to  believe  them  a  part  of  the 
Phoma,  though  I  could  not  entirely  satisfy  myself." 

The  writer  has  not  been  so  fortunate  in  finding  conidia  developed  on 
the  old  mummy.  He  has  made  frequent,  careful  searches  for  them  but 
has  rarely  succeeded  in  finding  them.  On  June  ii,  1909,  he  found  bodies 
which  he  thought  might  be  interpreted  as  conidia,  while  on  the  27th,  he 
found  some  apparently  unmistakable  instances  from  which  he  has  made 
drawings  shown  in  Plate  V,  Fig.  36. 

Regarding  the  development  of  conidia  on  the  freshly  rotted  berry, 
Scribner  ('86)  writes:  "I  am  confident  that  I  have  seen  upon  com- 
pletely diseased  berries  gathered  from  the  vine,  but  more  particularly 
upon  similar  berries  kept  in  a  moist  chamber  for  a  few  days  under  a  bell- 
jar,  the  conidiophores  of  Phoma,  bearing  imperfectly  developed  conidia. 
They  appeared  to  be  growing  from  the  exposed  portion  of  the  pycnidia, 
but  whether  from  these  or  from  specially  developed  sclerotia  I  am  not 
prepared  to  say."  The  same  author  ('87)  also  claims  to  find  them 
abundantly  after  rainy  weather.  Delacroix  ('01)  describes  a  conidial 
stage  developed  on  the  conceptacles  (pycnidia)  and  again  ('02)  empha- 

('86)  Scribner,  F.  L.  Report  on  the  fungus  diseases  of  the  Grape  Vine. 
U.  S.  D.  A.,  Bot.  Div.,  Sec.  Plant  Path.  Bui.  2:  1.  c.  32.     1886. 

('86)  Scribner,  F.  L.  Black  Rot-Physalospora  bidwellii  Sacc.  Proc.  Soc. 
Prom.  Agr.  Sci.  7:  8^88.     1886. 

C87)    ,   .     Report    of    the    Mycologist    for    the    year    1886.     III. 

Black  Rot.    Ann.  Rept.  U.  S.  Dept.  Agr.  for  1886:  109-112.    1887.    pi.  III. 

('93)  Viala,  P.  Les  maladies  de  la  vigne.  Troisieme  edition.  Montpellier. 
1893.,!.  c.   186. 

(*oi)  Delacroix,  G.  Sur  une  forme  conidienne  du  Champignon  du  Black  Rot, 
Guignardia  bidwellii.  Bui.  Soc.  Myc.  France.  17:  133-135.  1901,  '  and  Compt. 
Rend.  Acad.  Sci.  Paris  132:  862-864.     looi. 

(*02)    , ibid.     2*'    communication.     Bui.    Soc.    Myc.    France    19: 

12^132.     1903,  and  Compt.  Kend.  Acad.  Sci.  Paris  135:   ^a3-?"^ 734-0 P^f^olp 
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sizes  the  fact  and  describes  infection    experiments.     Numerous    other 
j  authors  refer  to  conidial  development. 

I  Expecting  to  find  such  bodies,  the  present  writer  has  made  a  great 

I  many  observations  on  berries  in  different  stages  of  mummification  f rcxn 

rot,  during  the  entire  summer  and  under  all  conditions  both  in  the  labor- 
atory and  in  the  field,  but  he  has  never  yet  seen  an  object  which  he  could 
interpret  as  a  conidium.  The  nearest  approach  that  he  has  seen  was  in 
the  case  of  some  berries  put  in  a  moist  chamber  and  examined  July  10, 
1908.  On  that  date  he  wrote  in  his  notes :  "  a  few  days  ago  rotted  ber- 
ries were  placed  in  a  moist  chamber.  The  pycnidia  matured  and  pro- 
duced spores  which  oozed  out  in  a  little  white  ball  or  sometimes  in  a 
chain.  But  in  addition  to  this,  nearly  every  pycnidium  was  seen  to  have 
a  stellate  fringe  of  grayish  white  hyphae  about  it.  Under  the  microscope 
these  appear  to  be  simply  threads  of  mycelium  which  have  grown  out 
from  the  pycnidium.  I  can  find  no  evidence  that  they  are  conidiophores 
which  bear  external  conidia."  Some  of  this  material  was  dropped  into 
Gilson  fixer*  and  carried  through  carefully  in  order  that  none  of  these 
bodies  should  be  broken  off.  That  the  writer  was  successful  can  be 
seen  from  the  photomicrograph.  (Plate  IV,  Fig.  24.)  However,  in 
examining  the  fresh  material  or  a  series  of  such  sections  he  has  never 
seen  a  well-developed  conidium  in  any  case. 

Pure  cultures  of  the  Black  Rot  fungus 

On  July  1st,  2nd,  3rd  and  4th,  1907,  numerous  asci  containing  asco- 
spores  were  transferred  from  poured  plate  dilutions  to  sterilized  grape 
stems  in  the  hope  of  thus  obtaining  pure  cultures.  Previous  to  this,  the 
writer  had  tried  to  transfer  germinated  spores  but  had  rarely  been  able 
even  to  obtain  spore  germination.  As  he  now  knows  he  did  not  give  suf- 
ficient time,  and  more  than  that,  saprophytic  forms  which  grew  so  much 
more  rapidly  overran  and  obscured  any  spores  which  did  germinate.  In 
the  case  of  the  transferred  asci,  he  found  in  ten  days  a  few  of  the  tubes 
which  showed  a  blackish  gray  mycelial  growth.  At  the  end  of  three 
weeks  there  were  ten  tubes,  apparently  all  pure  cultures,  which  had  simi- 
lar mycelium.  Some  of  the  tubes  had  developed  pycnidia  which  con- 
tained pycnospores,  very  evidently  those  of  the  Black  Rot  fungus. 


♦A  modification  of  the  original  Gilson  fixer,  sometimes  called  Harvard  fixer 
prepared  as  follows: 

95^  alcohol   42  cc 

Acetic  acid   (glacial  8o;<) 18  cc 

Mercuric  chlorid  (sat.  sol.) 11  cc 

Nitric  acid    (cone.) 2  cc 

WatiT   60  cc 

Fix  bix  lo  twelve  hours  and  wash  in  70^  alcohol. 
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But  when  the  writer  came  to  experiment  with  the  discharge  of  asco- 
spores,  this  suggested  another  means  of  obtaining  pure  cultures.  A  plate 
of  agar  was  poured  and  allowed  to  harden.  It  was  then  inverted  over 
a  bunch  of  mummies  containing  mature  asci  and  the  mummies  were 
then  made  wet  with  water.  In  an  hour  quantities  of  ascospores  were 
shot  to  the  agar  and  adhered  there.  Since  no  other  organisms  were 
present,  the  spores  could  be  left  until  they  had  time  to  germinate.  Such 
quantities  of  spores  were  present  that  there  was  no  difficulty  in  dis- 
tinguishing with  the  microscope  that  these  were  the  Black  Rot  ascospores. 
In  poured  plate  dilutions  this  was  practically  impossible  and  it  was  even 
necessary  to  wait  until  the  spore  had  germinated  before  it  could  be 
located  with  any  degree  of  certainty.  Transfers  of  such  ejaculated 
spores  to  sterilized  stems  gave  the  characteristic  growth  in  ten  days.  In 
this  way,  the  writer  was  able  to  obtain  pure  cultures  from  ascospores 
at  any  time  during  the  summer. 

Another  method  of  obtaining  pure  cultures  of  the  fungus  which  was 
sometimes  employed  by  the  writer  was  to  break  open  a  rotted  berry 
before  it  had  wrinkled  down  and  remove  with  sanitary  precautions  a 
small  block  of  the  infected  tissue  to  a  sterile  medium.  In  this  way  pure 
cultures  were  obtained  from  berries  which  were  rotted  completely  as  well 
as  from  those  which  developed  only  a  superficial  black  crust,  and  they 
appeared  identical  in  every  respect. 

Also  by  transferring,  with  a  sterile  needle,  pycnospores  which  had 
oozed  from  a  pycnidium  (readily  obtained  by  floating  a  slice  of  rotted 
berry  on  a  dish  of  water),  the  writer  has  often  been  able  to  obtain  pure 
cultures  of  the  fungus.  In  plating  pycnospores,  he  has  rarely  had  suc- 
cess in  getting  cultures  largely  because  of  the  very  small  size  of  the 
pycnospores  and  the  difficulty  in  certainly  locating  them  in  the  medium. 

The  object  in  getting  pure  cultures  was  to  obtain  absolute  proof  of 
the  connection  of  the  various  stages  of  this  fungus  as  well  as  to  have 
material  for  infection  experiments.  Regarding  the  former  he  can  only 
record  confirmation  of  the  identity  of  the  pycnidial  stages  on  leaf,  stem 
and  berry  with  ascosporous  stage  on  mummies.  This  confirmation  is 
based  on  the  morphological  identity  of  mycelium  and  pycnidia  developed 
from  these  sources.  The  writer  has  not  found  spermatia  developed  in 
these  cultures  nor  obtained  cultures  with  them,  but  the  connection  of  this 
stage  with  the  cycle  of  development  has  been  established  previously  in 
another  way.  He  has  obtained  pycnosclerotia  in  culture  and  had  expected 
to  obtain  perithecia  and  asci  by  wintering  such  cultures  and  then  putting 
them  in  a  favorable  place  for  development  in  the  spring.    This  has  been 
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accomplished  by  Jaczewski   ('00).     But  of  the  thirty  or  more  cultures 
thus  treated  none  developed  perithecia  with  asci. 

Infection  experiments 

Viala  et  Ravaz  ('88)  claim  to  have  demonstrated  the  connection  of 
the  various  stages  of  the  Black  Rot  fungus  by  means  of  cultures. 
Speschnew  ('99)  and  Jaczewski  Coo)  describe  infection  experiments  to 
determine  the  pathogenicity  of  Phoma  reniformis  (Guignardia  reni- 
formis,  a  form  scarcely  or  not  at  all  distinguishable  from  G.  bidwellii), 
which  were  successful.  Prunet  ('98)  describes  in  detail  the  method  of 
studying  infections  both  as  to  time  and  to  manner.  He  describes  the  lodg- 
ment and  germination  of  the  spore  and  the  entrance  of  the  germ-tube, 
Soursac  ('08)  describes  studies  in  resistance  of  various  species  of  Vitis  to 
Black  Rot  in  which  spores  were  sown  on  leaves  and  fruits  and  the  degree 
of  susceptibility  determined  by  the  number  and  size  of  the  spots  and  by 
the  length  of  the.  period  of  incubation.  Obviously  many  infections  were 
obtained.  The  writer  had  not  anticipated  any  difficulty  in  producing  in- 
fections and  at  first  was  concerned  more  in  determining  the  exact  method 
of  entrance  of  the  germ-tube. 

On  June  24th,  25th  and  28th,  July  ist,  2nd,  3rd,  Sth,  9th  and  loth, 
1907,  inoculations  were  made  on  leaves,  stems  and  pedicles,  and  on 
the  later  dates  on  young  fruits.  Some  of  these  inoculations  were  made 
indoors  in  moist  chambers  but  many  were  in  situ,  the  inoculated  part 
being  protected  by  a  lamp  chimney  plugged  with  cotton.  These  had  been 
put  on  ten  days  to  two  weeks  previous.  Further  details  are  not  neces- 
sary since  in  the  experiments  indoors  the  writer  was  never  able  to  pro- 
duce a  lesion  nor  find  in  thin  sections,  either  tangential  or  cross, 
the  entrance  of  a  germ-tube;  and,  although  on  those  out  of  doors 
occasional  infections  appeared  on  inoculated  clusters,  on  the  other 
hand,  checks  were  not  entirely  free  from  infection.  On  July  19, 
1907,  we  wrote  in  our  notes:  "a  pair  of  leaves  inoculated  July  i, 
show  presence  of  Rot.  The  older  leaf  was  inoculated  on  the  under 
side  only;  no  infection.  The  smaller  on  the  upper  side  only;  a  great 
many  infections  were  produced  and  the  spots  have  run  together,  mak- 
ing large  blotches.     However,  the  check  is  not  entirely  free,  but  has 
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a  single  spot  on  it."  This  was  under  a  lamp  chimney  as  described 
above. 

During  this  time,  infection  experiments  indoors  were  continued  on 
young  berries  in  a  moist  chamber.  Examination  had  shown  that  ber- 
ries were  better  for  this  purpose  than  leaves,  as  there  was  less  mask- 
ing material  present  in  the  host  cells.  No  germ-tubes  were  found  en- 
tering the  berry  and  inoculated  clusters  left  a  month  in  the  moist 
chamber  never  developed  Black  Rot  lesions.  This  occurred,  notwith- 
standing the  fact  that  both  ascospores  and  pycnospores  were  found 
germinating  in  abundance  on  such  berries  and  the  drops  of  water  in 
which  they  were  started  often  did  not  evaporate  for  three  or  four  days. 

On  June  20,  1907,  one  vine  was  completely  enclosed  with  cheese  cloth 
which  was  stretched  over  a  frame.  A  series  of  inoculation  experiments 
were  started  on  the  green  parts  of  the  vine.  "  The  vine  was  not  entirely 
free  from  rot  but  relatively  so.  The  few  rotted  berries  or  spotted 
leaves  were  carefully  picked  off.  On  one  side  of  the  vine  the  berries 
of  the  cluster  were  painted  with  ascospores  and  on  the  other  with 
conidia.  Young  leaves  and  shoots  were  also  inoculated.  After  paint- 
ing on  the  spores  with  a  camel's  hair  brush  all  parts  were  sprayed  with  a 
fine  mist  of  clear  water  from  an  atomizer."  Lower  clusters  and  leaves 
were  selected  at  first  and  every  evening  about  sundown  for  ten  days 
two  or  more  clusters  of  berries  were  inoculated  as  described  above. 
Once  a  bit  of  the  cuticle  and  epidermis  was  shaved  off  of  every  berry 
on  two  clusters  and  the  two  kinds  of  spores  introduced  into  the  soft 
juicy  parenchyma.  All  inoculated  clusters  were  tagged.  After  a  month 
there  were  no  infections  that  could  be  attributed  directly  to  inoculations. 
Occasional  berries  rotted  but  these  were  as  common  on  the  upper  unin- 
oculated  clusters  as  on  the  inoculated  ones.  None  of  the  injured  berries 
which  were  inoculated  became  infected,  the  wounds  healing  over  to  a 
certain  extent.  Tests  were  usually  made  of  the  spores  to  see  that  they 
were  viable.  Drops  of  water  were  also  found  between  the  berries  the 
following  morning  on  several  occasions. 

The  season  of  1907  ended  with  no  definite  knowledge  of  the  exact 
method  of  entrance  of  the  germ-tube  and  with  no  absolute  proof  that 
the  organism  found  constantly  associated  with  diseased  parts  was  the 
cause  of  the  disease.  On  the  face  of  it  this  seemed  absurd.  Conse- 
quently, in  1908,  the  writer  undertook  primarily  to  determine  these  two 
facts  and  to  make  such  other  observations  as  were  possible.  With  the 
experience  of  1907,  new  precautions  and  some  new  methods  were  em- 
ployed. Many  thousand  inoculations  were  made  on  berries  as  well  as 
leaves  and  stems,  yet  at  the  end  of  the  second  season  the  writer  could 
record  only  that  he  had  never  produced  a  characteristic  lesion  of  Black 
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Rot  on  fruits  and  had  never  seen  the  entrance  of  the  germ-tube.  In  one 
case  infections  on  leaves  similar  to  those  of  1907  were  produced,  but 
they  were  not  under  such  rigid  control  of  external  conditions  as  were 
those  of  1907. 

Believing  that  there  must  be  some  slight  mistake  in  technique  which 
was  discounting  all  his  results,  he  was  very  glad  of  an  opportunity  oa 
July  17,  1908,  to  go  over  the  whole  matter  very  carefully  with  Prof. 
Whetzel,  and  the  same  day  to  receive  suggestions  from  more  than  a 
dozen  horticulturists,  members  of  the  Graduate  School  in  Agriculture, 
who  sought  shelter  in  his  field  laboratory  because  of  rain.  Such  sug- 
gestions as  they  made,  which  had  not  already  been  tried  repeatedly, 
were  incorporated  into  his  experimental  work  the  same  day  —  a  most 
favorable  one  because  of  moisture  conditions.  It  is  not  necessary  to 
insert  details  since  all  results  were  negative.  One  experiment  may  be 
of  interest,  however.  During  a  rainy  period,  July  18,  1908,  pycnospores, 
which  as  shown  by  contemporaneous  tests  were  capable  of  germination, 
were  accumulated  from  berries  and  placed  in  a  dish  of  fresh  rain-water. 
A  small  drop  of  the  spore-laden  water  was  touched  on  every  berry,  or  in 
the  drop  of  adhering  water  between  two  berries,  of  numerous  clusters. 
Approximately  600  inoculations  were  made.  A  tent  was  stretched  over 
the  vine  to  prevent  rain  from  washing  spores  away.  This  was  at  5  p.  m. 
The  night  was  foggy  and  perfectly  still  and  at  9  a.  m.  the  following  day 
many  of  the  drops  were  just  as  he  had  placed  them  the  evening  before. 
He  had  hoped  only  to  produce  a  preponderance  of  rot  on  inoculated 
berries  since  numerous  infections  were  undoubtedly  taking  place  natur- 
ally. However,  after  three  weeks,  he  found  that  uninoculated  clusters 
on  the  same  and  adjacent  vines  actually  had  more  recently  rotted  berries 
in  them  than  on  the  ones  which  had  been  inoculated.  In  fact  those 
inoculated  clusters  at  picking  time  were  the  best  in  the  vicinity.  The 
writer  is  utterly  at  a  loss  to  understand  his  failures  to  obtain  infections. 

PATHOLOGICAL  HISTOLOGY 
Leaf 

A  study  of  stained  sections  of  leaves  bearing  very  young  spots 
shows  that  the  first  effect  of  the  fungus  on  the  tissues  of  the  leaf  is  to 
kill  the  cells  (necrosis)  and  cause  a  collapse  of  the  spongy  parenchyma. 
(Plate  V,  Fig.  39.)  The  original  of  this  figure  is  a  section  of  a  spot 
bearing  a  few  pycnidia.  The  mesophyll  is  shriveled  and  dried  until  it 
can  be  recognized  only  by  comparison  with  adjacent  healthy  tissue.  The 
palisade  layer  retains  approximately  its  original  size  and  positioi^  but 
the  cells  are  evidently  inactive  and  dead.    It  will  be  noticed  also  that 
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the  limit  of  the  spot  is  a  vein.  This  is  practically  always  the  case, 
although  often  the  vein  is  a  small  one.  This  has  been  noted  previously  in 
another  connection. 

Stem 

The  lesions  are  confined  to  the  cortex,  rarely  extending  as  deep 
as  the  cambium  layer.    Details  of  the  histological  changes  can  be  seen 
from  the  photomicrograph  (Plate  IV.,  Fig.  20). 
Berry 

The  author  has  made  very  careful  study  of  the  successive  histo- 
logical changes  which  take  place  in  the  rotting  of  the  berry.  Notes 
were  made  from  fresh  material,  but  at  each  stage  material  was  also  killed 
and  fixed.  Microtome  sections  have  been  made  and  the  studies  on  fresh 
material  corroborated.  The  following  description  is  compiled,  often  ver- 
batim, from  notes  made  on  fresh  material : 

'o8-vii-3-2  p.  M.  When  the  spot  is  i  to  2  mm.  in  diameter  and  the 
ring  just  appearing  there  are  evidences  of  histological  changes.  "  The 
epidermal  cells  become  opaque  (in  sections),  i.  e.,  cut  oS  all  the  light  and 
are  filled  with  some  granular  brown  substance.  The  cells  of  the  hypo- 
dermal  parenchyma  immediately  beneath  the  epidermis  are  slightly  flat- 
tened and  occasionally  some  of  the  larger  parenchymatous  cells  are  also 
slightly  flattened.  The  change  is  noticeable  five  or  six  cells  deep  at  the 
centre  of  the  spot,  but  the  diseased  area  is  saucer  shaped.  The  chloro- 
phyll granules,  while  still  present,  are  not  arranged  regularly  about  the 
periphery  as  ifi  the  healthy  cells,  but  lie  in  an  irregular  mass.  The  cells 
of  the  diseased  area  seem  to  be  thicker  walled  and  darker.  This  if  due 
to  the  presence  of  intercellular  mycelium." 

'o8-vii-3-3  p.  M.  "  Sections  of  spots  3  to  4  mm.  in  diameter  which 
appear  with  a  distinct  aureole  show  further  changes.  The  plasma 
membrane  had  turned  dark  colored  or  brown  and  adheres  closely  to  the 
wall  instead  of  being  light  colored  and  spread  out  some  distance  into  the 
cell.  The  chloroplastids  are  also  drawn  close  to  the  wall  and  lose  their 
color.  A  yellowish  brown  coloring  matter  slowly  diffuses  away  from 
them.  These  changes  make  the  cell  walls  and  in  fact  all  of  the  diseased 
area  appears  darker  than  the  normal  tissue.  The  depth  to  which  the 
fungus  has  penetrated  is  quite  evident  in  a  cross-section  by  a  distinct 
band  of  yellowish  brown  substance  found  in  a  stratum  of  yellowish 
brown  cells  one  to  three  cells  wide.  These  are  the  first  larger  cells  of 
the  parenchyma  whi^ch  make  up  the  bulk  of  the  berry.  As  compared 
with  these  large  host  cells,  there  is  a  relatively  small  amount  of  mycelium 
present,  but  it  is  quite  easily  distinguished  by  its  staining  reactions,  be- 
coming a  bright  pink  with  eosin.  The  writer  has  found  hyphae  ex- 
tendinfiT  down  as  far  as  the  yellowish  stained  line  buj.  never  ^^^fef^ 


*^fi^  '*;;  5-4  "y^  ^.  *^'  '"'Tbe  ^;^Xt  arc  4  t«>  5  rm.  ssb  dssaaciiT,  an-f 
Hj^  ftfe^^j^.'^f^  -^yf  1?^  i.itrrjr  n  ir^/<atssi  ty  dac  naked  cje.  The  brtwrcish 
^i'iyr*'//;^  ii^  I  rxoT,.  »i<l^  urn.  l^ut  oanrt  oi  l3ac  s;km,  h  ssiZl  wiftiA  as 
Alt  ^J^  !y.*:^;?itr,3!r;i^  W^\':<fV/j^/ie::^i.y  ihe  ckusgei  hare  been  sssp^j  pro- 
jgf^^iv^r^  'i/.<  wH  »»r  the  *tirface  have  not  flattcofd  ta  aaj  extent 
ty*i^  ^^^*:r;ii  Uj'^^  oi  ^utth  4t^qftr  iiie  flattening  is  more  pronomiccd 
ihun  '4i  ^uy  'Ah^  y/mx.  In  thi*  same  re^j«,  too.  the  oootents  cf  the 
<e>JU  hiiy^  %¥f^  l«rw/l  slightly  hrown  and  fill  the  whole  ce!L  thus  maldng 
A  f^O/^^f  *Mtuit^.  l/*n4  f^/r  two  or  three  celh  in  width  and  sancer  shaped. 
Alf  t^«  f*':U*oi  i\\K  df^avi^l  area  z\f[tczr  dziktr  than  the  healthy  ones 
»rid  Aj/j/^r  v>  have  tJ^kker  wa'h/' 

V>K  vji  3  H'y>  I'.  M,  '^  General  af4>earance  much  the  same.  Spots 
ar«  5  t/>  6  fiiJfi,  in  diameter  and  the  aurer^le  slightly  wider.  A  collapsing 
of  iiui  SfhnA  of  d^^>  M::ated  celU  \%  apparent.  Mycelium  is  present  about 
\\\t^,  it\U  \/\\i  ntfi  atnsndant;  it  is  mostly  intercellular;  can  be  found 
laterally  a^  far  us  the  edj(c  of  the  sjx^t,  just  under  the  cuticle,  and  entad 
m  far  an  iht*  flat! en ud  band  Init  not  in  the  cells  of  the  band." 

'(H  vii  4  5  A,  M*  "  Six>ts  are  6  to  8  mm.  in  diameter  and  the  aureole 
^  mm,  wide,  SjxH  in  not  (m\y  flattened  but  often  depressed  at  the  cen- 
tra*, T\w  bund  of  d«*q>-scatcd  cells  which  collapsed  during  the  night 
hrtJ»  (iHiit^utd  down,  others  having  been  added  from  the  ental  side  and 
tb«*  Uiyt*r  of  ccIIh  between  them,  and  the  epidermis  has  flattened  also. 
tJnu  muU'mu  a  dtprcssum.  Between  this  now  brownish  black  band  (the 
it^lh  htivt  hfcomt*  HO  cr^mpact  a»  to  cut  off  nearly  all  the  light)  is  a  funnel 
or  tiHiU't*r-^Uiti)t*<l  area  of  cells  which  have  the  general  appearance  of 
lJio^«  wlirrt*  tile?  upot  was  very  young;  thicker  walled,  darker,  slightly 
rollttpfeH." 

*<»H  vii  r\  u'M>  A.  M.  "  Now  the  spots  are  8  or  9  mm,  in  diameter. 
1  Ut*  /iiirrolr  lias  increased  in  size  or  in  some  cases  there  begins  to  appear 
ftfl  onit^r  (jarkrr  band  and  an  inner  lighter  brown  one,  while  in  others 
llirrr  U  u  li^litrr  line  between  them.  Thus  the  aureole  has  two  or  three 
\mutU  or  riiiK'*  lo  it.  (Conditions  have  not  changed  internally  to  any 
mafriial  rxtnit.  A  few  more  layers  of  parenchyma  have  been  added 
to  tlir  drrp  band,  these  entirely  from  the  ental  side.  The  layer  of  cells 
briwrrn  thrsc  and  the  epidermic,  though  somewhat  flattened,  remain 
puulij'ally  nncbaiifs^ed.  Mycelium,  both  intercellular  and  intracellular. 
Is  abundant  \\wvv  and  in  the  dense  layer  it  can  occasionally  be  detected 
In  favtuable  .sections." 

oM  vii  4  j\^o  \\  M.     **  Spots  are  not  much  larger  than  in  previous 
obMM  Nation  but  if  so  the  outer  browner  band  of  the  aureole  has  widened. 
Intrrnally  perhaps  only  one  pi^nt  is  noticeable  as  distinct  from  previcais 
obsei  vatit>ns.     The  tissue  for  considerable  distance  beneath  the  deep- 
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seated  band  appears  diseased.  The  contents  of  the  cells  is  evidently 
killed,  is  plasmolized  to  some  extent,  and  lies  as  a  bulky  irregular  mass 
in  the  cells.  This  condition  extends  inwardly  in  the  shape  of  a  funnel 
as  far  as  the  seed." 

'o8-vii-4-6 :30  p.  m.  "The  spot  has  increased  slightly  in  size  and 
has  gone  perhaps  a  little  deeper,  otherwise  there  seems  to  be  no  change." 

'o8-vii-s-5  '30  ^'  ^'  "  Several  changes  have  taken  place.  The 
spots  are  a  centimetre  or  more  in  diameter,  and  some  involve  a  third  of 
the  berry.  Where  two  spots  are  close  together,  half  the  berry  is 
destroyed.  A  dozen  or  more  brown  specks  on  the  white  centre  of  the 
spot  mark  the  beginning  of  formation  of  pycnidia.  The  cells  between 
the  deep-seated  band  and  the  epidermis  have  flattened  down  until  they 
are  quite  dense.  The  cells  between  these  and  the  seed  have  collapsed 
and  rapidly  add  to  the  already  broad  band.  The  diseased  condition 
extends  to  the  seed  and  around  it  on  either  side,  but  I  cannot  be  sure 
that  the  fungus  enters  the  seed." 

'o8-vii-5-io:30  a.  m.  '*  Spots  involve  one- fourth  to  one-half  the 
berry.  Pycnidia  become  more  prominent.  Those  first  to  appear  now 
turn  blackish  and  a  great  many  more  appear.  Tissue  as  deep  as  the  seed 
has  collapsed.  That  tissue  between  the  deep-seated  layer  and  the  epi- 
dermis has  not  entirely  flattened  out  even  yet." 

'o8~vii-5-4  p.  M.  '*  At  this  time  the  rotted  clusters  are  very  ap- 
parent on  the  vine.  The  spots  which  were  hidden  at  first  have  worked 
around  so  as  to  be  apparent  from  nearly  any  aspect.  They  are  becoming 
quite  distinctly  blackish.  The  whole  aureole  is  now  a  purplish  brown 
color  and  the  pycnidia  are  covering  both  the  central  pale  spot  and  the 
inner  light  brown  ring  of  the  aureole.  The  spots  are  strongly  flattened 
and  depressed  at  the  centre.  The  stratified  mass  of  collapsed  cells  lies 
flat  on  the  seed." 

'o8-vii-S-9 :30  p.  m.  "Half  the  berry  is  involved.  The  spots  are 
considerably  darker  and  the  pycnidia  more  numerous." 

'o&-vii-6-8  a.  m.  "  Berries  are  turning  black.  Those  infected 
more  than  once  are  entirely  brown,  and  black  pycnidia  cover  as  much  as 
half  of  some.  The  pulp  has  wrinkled  down  so  that  the  seed  forms  a 
skeleton-  Now  there  is  a  solid  thick  skin  made  up  of  the  walls  of 
collapsed  cells." 

CONTROL 
(Figs.  143,  144  and  145.) 

The  bordeaux  mixture  was  just  being  perfected  by  Millardet  apd 
others  in  France,  for  the  control  of  Downy  Mildew,  when  the  Black 
Rot  first  appeared  there.  Naturally  the  use  of  the  mixture  was  at  once 
extended   to  a  control   of   the   Black    Rot,   and   almost    from  J,he  first 
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success  was  reported  by  the  experimenters.  The  early  history  of  the 
rise  of  spraying  as  a  means  of  controlling  the  Black  Rot  is  given  in 
detail  by  Lodeman  (*96).  In  reviewing  the  literature  on  the  subject 
one  finds  that  by  far  the  greater  part  of  the  work  done  and  reported 
upon  has  been  a  study  of  the  means  of  control  of  the  disease.  Indeed, 
the  writer  feels  that  too  much  attention  has  been  given  to  this  phase 
of  the  subject  and  that  it  is  for  this  reason  that  we  have  not  sooner 
arrived  at  a  rational  basis  for  the  treatment  of  the  disease. 

In  spite  of  the  continued  reports  of  successful  treatment  of  Black 
Rot  made  by  the  Department  of  Agriculture  in  France,  we  may  believe 
that  practically  the  success  was  not  always  so  great.  Indeed,  occasional 
note  of  the  fact  has  been  made.     Caneout   (97)   discounts  the  experi- 


FiG.  143. —  Photograph  of  a  vine  in  the  experimental  plats  at  Romulus,  N.  Y.,  in 
1908.  The  mass  of  foliage  makes  it  difficult  to  spray  the  clusters.  See  the  same 
vine  in  Fig.  144. 

ments  of  Prunet  and  of  Lavergne  carried  on  under  the  direction  of 
the  Minister  of  Agriculture.  An  excursion  was  organized  to  visit  the 
experimental  plats,  and  while  most  of  the  party  agreed  that  the  exi>eri- 
ment  was  a  success,  Caneout  remained  skeptical.     He  admits  that   the 

('q6)  Lodeman,  E.  G.  The  Spraying  of  Plants.  New  York.  1896.  The 
MacMillan  Co.     Last  Edition,   1906. 

('97)  Caneout.  La  lutte.  contre  le  black-rot  dans  le  Sud-Ouest.  Proif.  Agr. 
et  Vit.  a8:    a0I-306.     1897.  Digitized  by  GOOgfe 
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Rot  was  partially  controlled,  but  that  it  took  ten  to  twelve  sprayings  to 
do  it  He  also  states  that  M.  Goulard  lost  forty  per  cent,  of  his  fruit 
after  twelve  sprayings.  He  cites  losses  of  twenty  to  one  hundred  per 
cent  on  fourteen  of  Prunet's  experimental  plats,  some  of  which  were 
sprayed  as  high  as  ten  times.  Also  ('95)  Prog.  Agr.  et  Vit.,  an- 
swers to  a  circular  letter  were  published.  The  letter  contained  two 
questions*,  the  latter  a  request  for  information  whether  in  less  disas- 
trous seasons  the  salts  of  copper  have  not  given  satisfactory  results. 
Some  say  emphatically  that  they  have  not.     Again  ('97)   in  the  same 


Fig.  144. —  Same  vine  and  from  same  position  as  in  Fig.  143,  but  with  leaves  picked 
off.    Shows  average  yield  of  vines  and  effectiveness  of  spraying.    Compare  zvith 


Shows  average  yield  of 

""ig-  145. 

journal  there  appears  a  title,  "  Insuffisance  pratique  des  sels  de  cuivre  cen- 
tre le  Black  Rot."  Letters  from  different  sources  are  published  showing 
that  practically  the  Rot  had  not  been  successfully  controlled. 

But  these  experiments  of  Prunet,  continuing  from  year  to  year  a 


*  Nous  nous  demandons  si  nous  ne  nous  trouvons  pas  en  presence  de  faits 
analogues  en  ce  qui  conceme  le  Black-rot?  Et  si,  dans  les  saisons  moins 
detsastreuses,  les  sels  du  cuivre  ne  donneront  pas  de  nouveau  des  resultats  en- 
registres  depuis  dix  ans? 

C95)  Anonymous.  Le  Black  Rot  et  les  sels  de  cuivre.  Prog.  Agr.  et  Vit.  24: 
81-88.    1895- 

('07)  Anonymous.  Insuffisance  pratique  des  sels  de  cuivre  contre  le  Black 
Rot  I^rofr  Agr.  et  Vit.  a8:  145-149.    1807.  Digitized  by  GoOglc 
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series  of  so-called  fractional  treatments,  finally  led  to  a  more  complete 
understanding  of  the  method  of  control  of  the  disease.  These  fractional 
treatments  are  fully  described  by  Prunet  ('05).  Essentially  they 
consisted  of  laying  out  a  big  plat,  a  few  rows  of  which  were  added  to 
the  sprayed  list  each  day.  In  this  way  Prunet  was  able  to  determine  on 
just  what  day  infection  had  actually  taken  place.  In  1897,  he  announced 
that  "  a  treatment  immediately  after  an  invasion  protects  against  the 
succeeding  invasion.**  From  this,  step  by  step,  Prunet  finally  demon- 
strated that  each  and  every  infection  was  directly  traceable  to  a  rain 
of  some  duration  or  of  a  rain  followed  by  fog.  This  was  a  great  step 
and  one  which  we  are  slow  to  appreciate. 

In  the  present  author's  experience,  he  has  found  that  all  infections  of 
any  consequence  are  directly  dependent  on  the  meteorological  conditions. 
In  the  vineyards  at  Romulus,  he  has  observed,  and  the  fact  is  recorded 
in  his  meteorological  data,  that  at  intervals  throughout  the  summer  we 
are  reasonably  sure  to  have  a  rainy  period  of  one  to  three  days'  duration. 
The  actual  precipitation  may  be  slight  but  in  such  cases  there  is  usually 
fog  and  cloudy  weather.  He  has  already  shown  that  the  spores  of  this 
fungus  are  discharged  by  a  mechanical  process  only  in  the  presence  of 
precipitated  moisture  and  that  they  must  have  moisture  in  which  to 
germinate.  And  since  each  berry  that  rots  represents  a  separate  and 
new  infection  from  the  outside  it  becomes  apparent  that  if  some  toxic 
substance  can  be  interposed  between  the  berry  and  the  spore  which  will 
prevent  germination,  the  fruit  will  be  saved. 

It  is  astonishing  to  one  following  through  all  the  various  literature  on 
the  control  of  the  Black  Rot  to  find  what  an  enormous  number  of  spray 
mixtures  have  been  tried  and  how  extensive  the  operations  have  been. 
One  feels  pretty  well  convinced  after  a  review  of  the  literature  that  of  the 
common  or  even  more  rare  toxic  salts,  none  of  them  is  more  efficaciou5 
in  the  control  of  Black  Rot  than  the  salts  of  copper  or,  for  that  matter, 
the  bordeaux  mixture.  Ravaz  et  Gouirand  ('96  and  97)  have  teste-: 
the  actions  of  solutions  of  very  many  salts  on  the  germination  of  Black 
Rot  spores,  and  have  tested  in  practice  those  which  gave  promise  •:■: 
being  valuable.  In  i8t>7  a  re|x>rt  is  given  of  Black  Rot  spore  germinati.r 
tests  in  eighty- fmir  different  salt  solutions  each  in  nine  differed: 
strengths.  A  numl>er  of  the  solutions  when  tested  in  practice  g-^v 
results  but  none  were  so  jjvx^d  as  the  bordeaux  mixture. 


(\)D>  Ravas.  L.  ct  Gouirar.tL  G.  Action  de  que!<?ues  substances  sur  la  ger- 
nation  d^s  sivres  Ju  1^'ack  Kvi.    C^n^.p:.  Rend.  Acad.  Sci.  Paris,  113:    IoS(>-Io^^ 
i8gCK 

^0-^   .  .     Rccbcrchos  sur  le  iraitmer.t  des  maladies   de  la  \t^: 

Rev.  Vit.  7:  305-313;  33^^-340      iN;r 

^On)    Prunet.  A.     Recherches  nouvelles  sur  TevolatioQ  do  Black   Rot.     Kff 
Vit  m:  58.-5«J  :  «x^^    .905.  ^^^^^^^  ^^  GoOgle 
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It  should  be  noted,  however,  that  these  tests  were  made  in  solutions 
of  the  various  salts.  When  such  a  substance  is  sprayed  onto  the  foliage 
and  exposed  to  the  action  of  the  elements,  chemical  changes  often  occur. 
Some  such  substances  would  be  injurious  to  the  foliage  and  could  not  be 
used  at  all.  Others  arc  very  soluble  and  would  be  washed  off  at  once 
by  rain,  while  others,  which  might  be  quite  insoluble,  have  no  adhesive 
properties,  and  would  be  worthless  for  that  reason.  It  seems  question- 
able, therefore,  whether  such  tests  are  of  practical  value.  Reddick  and 
Wallace  ('10)  have  suggested  this  with  reference  to  disease  control  and 
have  suggested  a  substitute  method,  while  Wallace,  Blodgett,  and  Hesler 


Fig.   145. —  Photograph  of  a  zinc  in  next  adjacent  rozu  to  one  shown  in  rig.  144. 

Unsprayed. 

('11)  have  taken  up  the  question  in  detail  with  reference  to  three  plant- 
disease  producing  organisms. 

From   what  has  just  been  said  it  is  apparent  that,  to  be  effective 
against  the  Black  Rot,  a  spray  substance  should  be  one  which  does  not 


(  10)  Reddick,  D.,  and  Wallace,  E.  A  laboratory  method  of  determining  the 
fungicidal  value  of  a  spray  mixture  or  solution.  Science  n.  ser.  31:  798.  1910. 
Paper  read  at  the  First  Annual  Meeting  of  the  Am.  Phytopath.  Soc.  at  Boston, 
Mass.,  Dec,  1909. 

('II )    Wallace,    E.,    Blodgett,    F.    M.,   and   Hesler,    Lex    R.      Studies    of   the 
fungicidal  value  of  lime-sulfur  preparations.     N.   Y.    (Cornell)    Agr.   Exp.    Sta.j 
Bui.  290:     ion.  Digitized  byll^OOgle 


342  Bulletin  293 

injure  the  vine,  which  is  relatively  insoluble  in  meteoric  water,  and 
which  adheres  well  to  foliage  and  fruit.  Of  all  the  substances  thus  far 
tested  for  controlling  Black  Rot  none  has  given  as  good  results  in 
practice  as  the  bordeaux  mixture. 

Bordeaux  mixture 

The  chemical  nature  of  this  substance  has  been  the  subject  of  ex- 
tended investigation  by  Bedford  and  Pickering  C09).  The  reactions 
occurring  in  its  preparation  are  far  from  simple  and  need  not  be  a  mat- 
ter of  consideration  at  this  place.  When  the  sulfate  of  copper  is  com- 
bined with  milk  of  lime,  a  peculiar  greenish  white  precipitate  is  formed 
which  is  highly  insoluble  in  water.  The  exact  chemical  nature  of  this 
precipitate  is  very  complex  and  it  is  known  to  vary  greatly,  depending  on 
slight  variations  in  the  method  of  preparation.  This  precipitate,  when 
kept  in  suspension  and  applied  to  the  foliage  and  fruit  under  high  pres- 
sure and  through  a  nozzle  with  a  small  hole  in  the  disc,  forms  a  thin 
film  over  all  parts  of  the  vine.  Upon  evaporation  of  the  water  the 
precipitate  is  left  in  a  relatively  insoluble  state  on  the  leaf  or  fruit  and 
adheres  tenaciously.  Kelhofer  ('07)  has  shown  that  bordeaux  mixture 
properly  made  and  applied  will  be  only  slightly  washed  away  even  after 
a  continued  rain  of  twenty-four  hours.  It  would  seem  that  the  particu- 
lar efficacy  of  this  substance  lies  in  the  fact  of  its  relative  insolubility 
in  water. 

Crandall  ('09)  has  shown  that  small  amounts  of  copper  come  into 
solution  at  once  when  a  drop  of  meteoric  water  is  placed  on  a  recently 
bordeaux-sprayed  leaf,  and  is  of  the  opinion  (1.  c.  261)  that  the  con- 
centration becomes  sufficient  to  prevent  germination  of  spores  of  apple- 
infesting  fungi.  Schander  ('04),  on  the  other  hand,  believes  that  the 
germinating  fungous  spores  excrete  a  substance  which  brings  the  copper 
into  a  solution  of  killing  strength.  Wallace,  Blodgett,  and  Hesler  ('11) 
have  recently  presented  some  evidence  in  favor  of  the  latter  view  in 
connection  with  spores  of  Sclerotinia  fructigena.  The  writer  has  no: 
made  an  investigation  of  this  point  in  connection  with  Guignardia  spores 


('04)  Schander,  Richard.  Uber  die  physiologische  Wirkung  der  Kupfervitrio - 
kalkbriihe.    Landw.  Jahrbiicher  33:  1.  c.  51&-526.    1904. 

('07)  Kelhofer,  W.  Uber  die  Ausfiihrung  und  die  Ergebnisse  von  Hafifes- 
tigkeitsversuchen  Kupferhaltiger  Bekampfungsmittlc  gegen  die  Peronospcra 
Zeitschr.  Pflanzenkr.  17:  1-12     1007. 

('09)  Duke  of  Bedford  and  Pickering,  S.  U.  Copper  Fungicides.  Wobur 
Exp.  Fruit  Farm  Rept.  11:  1-191.    1909. 

C09)  Crandall,  Chas.  S.  Bordeaux  Mixture.  111.  Agr.  Exp.  Sta.  Bui.  115 
200-296.    1909. 

Cii)  Wallace,  R,  Blodgett,  F.  M..  and  Hesler,  Lex  R.  Studies  of  -Jr 
fungicidal  value  of  lime-sulfur  preparations.  N.  Y.  (Cornell)  Agr.  £xn.  Sa 
Bui.  290:  19x1.  "^ 
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Clitnatic  conditions 

But  €ven  granting  that  bordeaux  mixture  applied  to  the  actively 
growing  parts  and  fruits  before  rains  will  prevent  infection,  the  practical 
man  immediately  asks  how  we  are  to  know  when  the  rain  is  coming  and 
what  he  is  going  to  do  when  there  are  hundreds  of  acres  to  spray.  This 
inquiry  has  been  answered  to  the  author's  satisfaction  by  Wilson  and 
Reddick  ('09).  In  the  first  place,  one  must  be  a  close  student  of  local 
weather  conditions.  By  studying  available  weather  data  in  the  daily 
papers  and  weather  bulletins  one  can  predict  in  a  general  way  the  time 
when  storm  periods  are  due.  The  writer  found  during  the  summer  of 
1908  that  he  was  able  to  <lo  this,  and  with  one  exception  we  did  our 
spraying  on  the  experimental  plaits  before  a  storm  period.  The  one 
exception,  however,  was  not  a  fault  of  the  prediction,  but  of  the  spray 
machinery. 

In  spraying  a  large  acreage  the  operator  should  know  after  a  few 
sprayings  how  many  days  are  required  to  spray  the  entire  vineyard. 
Inspection  of  the  weather  records  will  show  that  during  June  there  are 
rarely  more  than  six  days,  more  often  only  four  or  five,  when  an  ef- 
ective  application  can  be  made.  If  the  whole  vineyard  can  not  be  sprayed 
in  five  days  it  is  a  sure  indication  that  there  is  not  sufficient  machinery 
for  the  proper  execution  of  the  work. 

The  question  is  often  asked  as  to  what  should  be  -done  shoujd  an 
anticipated  rain  fail  to  materialize.  The  writers  just  mentioned  have 
cited  a  case  (1.  c.  394)  in  which  spraying  done  June  15th  was  almost 
completely  effective  in  preventing  infections  coming  with  the  prolonged 
rain  on  June  22d,  23rd,  and  24th.  Here  were  seven  days  of  protection 
at  the  time  of  the  year  when  the  vines  are  making  very  rapid  growth. 
How  much  longer  the  spray  would  have  continued  effective  is  a  ques- 
tion. New  leaves  are  developed  throughout  the  season  and  unfolding 
leaves  present  unsprayed  area.  Berries  increase  in  size  very  rapidly  and 
thus  expose  new  surface.  On  June  iSth,  in  the  case  just  cited,  the 
vines  were  past  full  bloom,  but  the  calyces  were  clinging  to  a  few  of  the 
clusters.  The  young  berries  had  undergone  growth  of  a  week,  yet 
enough  spray  was  still  present  on  them  to  prevent  infections.  Adjacent 
unsprayed  vines  showed  a  large  amount  of  rot  from  this  infection. 
Sanitary  measures 

Anything  which  will  help  to  eradicate  the  fungus  in  its  winter  quar- 
ters will  be  of  importance  in  the  control  of  this  disease.  To  this  end 
it  is  of  great  importance  that  the  mummied  berries  be  destroyed.  They 
may  be  carried  out  at  picking  time  and  separated  in  the  packing  house, 

('09)    Wilson,  C.  S.,  and  Reddick,  D.     The  Black  Rot  of  the  Grape,  and  Its 
Control.     Second  Report.     N.    Y.    (Cornell)    Agr.    Exp.   Sta.    ^!^hze^%^KJ93V^\e 
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hince  many  of  them  cling  to  the  cluster.  Even  if  the  clusters  are  only 
fnilled  off  and  thrown  to  the  ground,  an  early  spring  plowing,  thoroughly 
drjnc,  will  turn  under  and  destroy  many  of  these  sources  of  infection. 
Kcddick  and  Wilson  ('08)  have  shown  that  burning  off  the  clinging 
tendrils  from  the  wires,  although  destroying  many  sources  of  infection, 
is  not  a  profitable  investment  and  naturally  the  lesions  can  not  be  removed 
nor  the  fungus  killed  on  the  canes  which  are  put  up.  There  may  eventu- 
ally be  a  device  perfected  which  will  strip  the  dingers  from  the  wires 
effectually,  but  none  is  known  at  present. 

Sonic  sanitary  measures  may  be  taken  in  respect  to  the  general  con- 


l''u;.  I  \iy  HiUii/ifi}/  on  a  covtwrrcial  scale.  Panging  is  tio  longer  considered  a  p^:- 
tCition  ftoni  /»hj»  A"  /\'<>/.  I  lu'Si'  grapes  lucre  sprayed  four  times  before  the  b^j. 
XK'crc  put  iwi. 

ditions  of  the  viticyartl.  It  is  highly  desirable  that  good  soil  drainage  be 
nKunlained  to  rctluoo  the  amount  of  surface  moisture.  This  will  allow  s 
nu>ro  rapid  dr\ing  of  dew  and  rain.  Air  drainage  is  also  of  much  :r> 
|M>rtatioo.  A  giHHJ  circulation  of  air  dries  up  drops  of  water  and  thu> 
prv^Ncnts  germination  of  spores  and  infections.  The  writer  believes  th 
the  explanation  of  the  relative  inununity  of  the  vines  in  the  Cliautauv,: 
belt  tv>  the  lUaok  Kot  and  other  fungous  trou!)les  lies  in  the  fact  x}:.' 
they  ha\e  such  ginvl  natural  air  drainage.     There  is  a  constant  flow 


'u-   \V  .V   K^   t  -f  Ji^e  Grape   a- 
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air  to  or  from  the  lake  at  all  times  and  the  currents  set  up  help  greatly 
to  keep  the  leaves  dry.  Vineyards  on  hillsides  do  not  suffer  from  lack 
of  air  drainage  but  those  on  the  level  and  in  the  valleys  do.  Better  air 
drainage  may  be  effected  to  a  certain  extent  by  higher  pruning  and  by 
training  the  canes  in  wider  fans;  in  the  case  of  the  Kniffen  system  of 
pruning,  by  taking  care  not  to  leave  too  many  spurs  in  the  crowns.  Fruit 
on  shoots  from  such  spurs  is  usually  inferior  at  best. 

.Weeds  are  also  a  detriment  to  good  air  drainage,  but  in  addition,  help 
to  conserve  moisture  and  thus  favor  the  fungus,  to  say  nothing  of  their 
detriment  as  users  of  valuable  soil  moisture. 
Spraying 

Sanitary  measures  are  to  be  directed  against  the  fungus  while  in 
its  winter  quarters.  When  spring  infections  on  leaves  have  taken  place, 
the  opportunities  for. further  infection  have  been  increased  several  thou- 
sand times.  The  important  thing  at  this  stage  is  to  prevent  new 
infections.  Very  thorough  spraying  in  the  manner  suggested  above  will 
practically  prevent  such  infections,  as  shown  by  Wilson  and  Reddick 
('09).  In  this  way  tendrils  and  canes,  as  well  as  fruits,  may  be  kept 
free  from  the  disease,  so  that  in  a  few  favorable  years  the  disease  might 
be  easily  eradicated.  The  present  writer  believes  this  to  be  the  key  to  the 
whole  situation.  If  the  growers  will  take  advantage  of  such  favorable 
years  as  we  have  had  in  1907  and  1908,  and  practically  free  their  vine- 
yards from  all  sources  of  infection,  they  will  have  little  difficulty  in  con- 
trolling the  disease  even  in  very  rainy  seasons.  But  if,  on  the  other  hand, 
the  spraying  is  neglected  in  the  drier  years,  w'e  may  expect  to  see  a  recur- 
rence of  Black  Rot  epidemics  in  the  very  wet  years.  The  writer  does  not 
believe  that  spraying  can  ever  be  abandoned,  though  it  may  be  somewhat 
reduced,  and  he  does  think  it  should  be  incorporated  as  one  of  the 
regular  vineyard  practices. 

Meteorological  Data  Taken   at  Raymond  Vineyard,   Romulus.,  N.   Y.,  June 

1st  TO   Aug.    T7th,    1907. 


Temperature 

Precipitation 

Direction 

of 

prevailing 

wind 

Charac- 
ter of 
day 

Date 

Max. 

Min. 

Time  of 
beginning 

Time  of 
ending 

Amount 

Miscellaneous 

June 

I 
2 
3 
4 

1 

7 

57 

62 

58 
68 

11 

SO 
58 
52 
SO 
50 

2:50 

7.30  p.  m. 
9.30 

5 
9  p.  m. 

— 

SE 

SE 

S\V 
S-SW 

SE 
W-NW 
W-NW 

.  I 
I. 
.1 
.5 
.9 

.2 

.8 

hail  at  noon. 

(*09)   Wilson,  C.  S.,  and  Reddick.  D.     The  Black  Rot  of  the  Grape  and  its 
Control.    Second  Report.    N.  Y.  (Cornell)  Agr.  Exp.  Sta.  Bui.  266:  390-4 W7>   1909.  j 
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Meteorological  Data  Taken   at  Raymond  Vineyard,  Romulus.,   N.   Y.,   June 
1st  TO  Aug.  15th  igoy  — Continued 


Tempsraturb 

Prbcipitation 

Direction 

of 
prevailing 

Charac- 
ter of 
day 

Date 

Miscellaneous 

Max. 

Min. 

Time  of 
beginning 

Time  of 
ending 

Amount 

wind 

June 

8 

66 

53 

— 

— 

— 

B 

9 

*6l 

56 

— 

— 

— ~ 

W-NW 

10 

48 

— 

— 

^■ 

SB-SW 

IZ 

70 

52 

— 

— 



SB 

xa 

72 

52 

— 

— 



E-SE 

13 

5S 

5Z 

-— 

— 

— 

B-SB 

14 

68 

5Z 

6 

9 

T 

SW-W 

15 

— 

— 

— 

W 

16 

80 

— 

■— 

— 

W 

17 

84 

70 

— 

— 

— 

NE-B 

18 

87 

— 

— 

— 

N-NB 

19 

74 

72 

— 

'  — 

— 

SB 

30 

82 

60 

3.30 

4 

T 

N 

3Z 

83 

6z 

— 

B 

z. 

foggy  in  a.  m. 

32 

80 

72 

3 

night 

— 

B 

23 

85 

68 

4 

night 

— ~ 

SW 

thunder  shower. 

i4 

80 

68 

Z2 

I  &  night 

— 

S 

35 

70 

ZZ 

Z2 

T 

26 

ZO 

2 

W 

showers. 

37 

— 

W 

28 

~— 

— 

— 

W 

29* 

p.  m. 

30 

rain 

all  day 

z. 

July 

I 
2 
3 
4 

6.30 

— 

T 

SE-S 

.9 

1 

7 
8 

z 

~ 

— 

SW-W 

9 

78 

___ 

— 

__ 

W-NW 

.2 

zo 

83 

69 

— 

_— 

— 

W 

.z 

zz 

74 

59 

8 

— 

— 

z. 

gentle  rain  all  day. 

Z2 

74 

58 

7  a.m. 

.88 

W-NW 

.7 

showers  at  inters  al^ 

Z3 

80 

li 

— 

— 

— 

•  z 

14 

83 

— 

— 

— 

.z 

II 

85 

62 

— 

— 

— 

SB 

z. 

90 

65 

— 

— 

— 

S-SW 

.7 

hot  and  moegy. 

17 

89 

70 

showers 

T 

SW-W 

.7 

hot  and  moggy. 

z8 

85 

67 

— 

— 

T 

W-NW 

.4 

few  drops  in  a.  m. 

Z9 

30 
2Z 

87 

57 

— 

— 

T 

NW 

.z 

22 

a.  m. 

.z 

W 

.7 

33 

80 

63 

night 

a.  m. 

.z 

NW 

.5 

24 

86 

58 

— 

— 

— 

— 

35 

86 

58 

— 

— 

— . 

— 

— 

26 

80 

58 

4  a.  m. 

6  a.  m. 

.Z5 

NW 

.5 

strong  wind. 

27 

78 

56 

— 

— 

NW 

•  z 

28 

84 

55 

— 

— 

— 

NW 

•  3 

39 

89 

57 

6  p.  m. 

■— 

T 

W 

•  5 

30 

80 

S6 

evening 

T 

W 

.6 

3X 

88 

56 

— . 

— 

— . 

W-NW 

.6 

83 

62 

night 

8  a.m. 

.2Z 

W 

.7 

80 

59 

night 

zo  a.  m. 

.ZZ 

NW 

.5 

strong  wind,  sfaowm. 

5 

8z 

59 

6  p.  m. 

night 

.z8 

S-SW 

.9 

strong  wind. 

6 

82 

5S 

.^ 

— 

w 

.5 

7 

94 

60 

— 

— 

— 

NW 

•  3 

*  June  29th.     Began  raining  at  2  p.  m.  and  rained  continuously  for  48  hours. 

t  Amounts  are  not  recorded  a^  the  writer  had  no  rain-guage  with  him  in  Z907. 

The  next  two  weeks  were  very  hot  and  dry  but  wi*h  cool  nights.  Data  were  not  taken  after  Aoc^x 
20th.  In  Z908  the  following  data  were  taken  at  the  Cushman  vineyard,  situated  about  one  ndle  north  ; 
the  Raymond  vineyard  and  in  much  the  same  position  as  to  exposure  and  proximity  to  Cayuga  Lake. 
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Mbtborological  Data  Takbn  at  Cushman  Vineyard,  Romulus,  N.  Y., 
June  8th  to  Aug.  i8th,  1908. 


Tempbra- 

TURB 

Precipitation 

Direction     CI 

lar- 

Date 

of  pre-        ac 
vauing 
wind         di 

rter 
of 

ly* 

MisceUaneous 

Max. 

Min. 

Time  of 
DesinAins 

Timi  of 

Amount 

June   8 

94 

56 







S 

.1 

9 

91 

66 

4 

6 

.73 

— 

.4 

slight  shower  at  3.30. 

10 
IX 

75 
70 

It 

__ 

W 
NW-NE 

•4 
.4 

cloudy  in  a.  m. 
very  heavy  dew. 

12 

71 

44 

— 

— - 

—  ■ 

NE-E 

.1 

13 

86 

50 

— 

— - 

^ 

E-SE 

.1 

14 

92 

63 

4  p.  m. 

«^«,        ' 

X5 

69 

52 

5  p.  m. 

1.67 

SW-W        I 

16 

65 

51 

.— 

NW 

.1 

windy. 

17 

71 

44 

— 

— 

^ 

NE 

I 

heavy  dew. 

z8 

84 

50 

— 

— 

SE-S 

2 

threatening  in  p.  m. 

19 

94 

62 

>— 

— 

^ 

S 

I 

xjircftvciuo^r  ui  A«  iQ* 

20 

90 

63 

^ 

— 

— 

W-NW 

I 

2Z 

86 

62 

^ 

— 

— 

N 

I 

22 

87 

62 

night 

a.  m. 

1.25 

N 

I 

very  light  wind. 

23 

88 

65 

night 

a.  m. 

JL'i 

N 

4 

very  light  wind, 
heavy  dew,  no  wind. 

34 

89 

68 

^ 

— 

Tt 

SW-W 

4 

35 

n 

57 

^ 

— 

W-NW 

3 

threatening  in  a.  m. 

26 

50 

^ 

— 

— 

N-NE 

I 

27 

38 

29 

early  in  a.  m. 

a.  m. 

.15 

SW-W 

3 

30 

81 

58 

— 

— 

NW 

July    I 

87 

56 

— 

— 

— 

J^  - 

I 

2 

86 

60 

— ~ 

^ 

—• 

NW-SE 

3 

3 

86 

62 

— . 

— > 

___ 

NE-SE 

I 

4 

89 

66 

4  p.  m. 



T 

SE-SW 

3 

5 

88 

61 

— 

— 

SW-W 

I 

6 

_ 

— 

— 

NW 

I 

7 

95 

6s 

4  p.  m. 

8  p.  m. 

.19 

SE 

4 

8 

79 

55 

—. 

W-NW 

5 

cloudy;  windy. 

9 

80 

50 

— 

— 

— 

NW 

I 

10 

98 

—. 

— 

— 

E-SE 

I    > 

II 

95 

58 

■— 

__ 

^ 

S-SW 

I 

12 

92 

63 

12 

6  p.  m. 
zught 

1.05 

5 

13 

89 

6z 

night 

■r 

SE 

5 

partly  cloudy, 
light  showers, 
^dy. 

14 

88 

64 

8  and  I 

SW-W 

7 

15 

74 

55 

—. 

— 

— 

W-NW 

2 

16 

75 

55 

— 

— 

^ 

NW 

2 

17 

71 

51 

10  a.  m. 

6  p.  m. 

.5 

SE-S         I 

18 

88 

66 

8  a.  m. 

13  m. 

■f 

SE-S 

8 

19 

82 

63 

W-NW 

6 

showers. 

20 

81 

57 

— 

— 

— 

W 

4 

21 

79 

57 

7  a.  m. 

night 

•:^7 

I 

23 

88 

57 

w 

4 

wind  light. 

23 

82 

56 

— 

— 



w 

3 

windlii^t. 

24 

83 

60 

8  p.  m. 

night 

.47 

N 

I 

2S 

79 

64 

— 

— 

N 

1 

26 

84 

60 

— 

— 



N 

I 

27 

87 

56 

^ 

— 



E 

I 

28 

87 

60 

— 

— 

— 

E 

I 

29 

91 

61 

— . 

— 

— 

S 

I 

30 

91 

63 

— 

^ 



W 

z 

31 

91 

60 

—    ' 

— 



NW 

I 

Aug.    I 

75 

55 

— 

— 



— 

2 

3 

— 

51 

— 

— 



I 

3 

4 

95 

55 







SW^N 

I 

5 

88 

60 

night 

10  a.  m. 

•  5 

S 

6 

84 

58 

— 

— 

SW 

3 

heavy  dew. 

7 

79 

60 

night 

night 

.6 

SW          I 

rainy  all  day. 

8 

79 

58 

— 

— 

— 

N 

4 

heavy  dew. 

9 

79 

55 

— 

— 

— 

N 

2 

10 

74 

64 

— 

— 

— 

XI 

81 

62 

2  p.  m. 

3  p.  m. 

T 

W 

5 

12 

81 

58 

I  p.  m. 
I  ana  5  p.  m. 

3  p.  m. 
3  and 6 p.m. 

T 

S 

5 

13 

88 

68 

I. 

SW-NE 

7 

showers. 

14 

86 

60 

— 

— 

— 

W        1 

2 

IS 

83 

63 

— 

— 

— 

NW 

X 

16 

— 

— 

— 

— 

— 

S 

I 

17 

88 

SI 

night 

8  a.  m. 

.47 

SW 

18 

81 

59 

NW       1 

I 

jT        T                                   =g 

*  Character  of  the  day,  .1-.3  clear;  .4-.7  fair  or  partly  cloudy;  .8-1.  cloudy, 
t  Trace. 
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Plate  I. —  Perithecia  of  Guignardia  bidwellii. 

Unless  otherwise  noted  the  photomicrographs  have  been  made  with  the  follow- 
ing combination:  Tube  length  of  microscope  i6o  mm,;  Spencer  oc,  8  x;  obj. 
4  mm.;  distance  of  plate  from  object  39  cm. 

Fig.  I. —  Perithecia  of  Guignardia  bidwellii  with  very  young  asci.    Material  fixed 

July  9,  1907.    Plate  33  cm.  from  object. 
Fig.  2. —  Same  as  Fig.  i,  but  with  Lcits  oc.  4  and  plate  39  cm.  from  object. 
Fig.  3. —  Perithecia  slightly  older  than  in  Fig,  2,  but  from  the  same  collection. 
Fig.  4, —  Perithecia.    One  ascus  nearly  mature;  several  young  uninucleate  ones. 

Material  fixed  July  22,  1908. 
Fig.  5. —  Perithecia  with  many  mature  asci.    Material  fixed  July  22,  1908. 
Fig.  6. —  Perithecium  of  Guignardia  on  wintered  petiole.    Same  collection  as  in  Fig. 

18.    Leitz  oc.  4, 
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Plate  I. —  Pertthecia  of  Guignardia  bidwellii. 
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Plate  IL'^  Pycnidia  and  mycelium  of  Guignardia  bidwellU, 

Fig.  7. —  Perithecia  and  pycnidia  on  old  mummy.  Some  pycnidia  with  voided 
Pycnospores.    Obj.  16  mm.    Material  fixed  July  22,  1908. 

Fia  8. —  Mycelium  of  Guignardia  just  under  the  epidermis  of  a  grape  berry. 
Material  taken  Aug,  14,  1908. 

Fig.  9. —  Photomicrograph  of  a  leaf  spot  showing  Pycnidia  of  Guignardia  bidwellii. 
Oc.  4;  Obj,  32  mm. 

Fia  10. —  Imperfect  section  of  a  Black  Rot  pycnidium.  Showing  the  method  of 
development  of  pycnospores.    Combination  of  lenses  not  known, 

Fia  II. —  Young  Pycnidium.    Material  fixed  July  22,  1907. 


Digitized  by  VjOOQIC 


Plate  II. —  Pycnidia  and  mycelium  of  Guignardia  bidwellii. 
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Plate  III. —  Pycnidia  of  Guignardia  bidwellii. 
Fig.  12. —  Young  pycnidium  of  Guignardia  on  leaf  of  Niagara  grape.    Leitz,  oc,  4. 
FiC.  13. —  Young  pycnidium  on  fruit  of  Niagara  grape.    Material  fixed  July  22, 

1907. 
Fig.  14. —  Pycnidium  of  Black  Rot  fungus  on  a  wintered  leaf  petiole,    Leitz,  oc,  4; 

obj,  16.    Material  fixed  June  24,  1908. 
Fig.  15. —  Same  as  fig,  14,  hut  with  obj.  4. 

Fig.  16. —  Pycnidium  from  green  shoot.    Material  fixed  June  13,  1908. 
Fig.   17. — Pycnidium  containing  pycnospores  and  spermatia,    Pycnosclerotium  on 

the  left.    Material  fixed  Oct,  5,  1907. 
Fig.  18, —  Pycnidium  from  wintered  mummy.    Note  the  binucleate  Pycnospores, 
Fig.  19. — Section  of  a  spermogonium.    Material  taken  July  23,  1908L 
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Plate  TIT. — Pycnidia  of  Guignardia  bidwellii. 
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Plate  IV. —  Pycnosclerotia  and  spermogonia  of  Guignardia  bidwelliu 

Fig.  20. —  Histological  changes  in  structure  of  a  stem  hearing  a  lesion  of  the  Black 
Rot  fungus.  Both  healthy  and  diseased  tissue  shown.  Obj.  i6  mm. 
Material  fixed  June  13,  1908. 

Fig.  21. —  Spermogonium  of  Fig.  22.    Plate  to  object  39  cm. 

Fig.  22.-^  Pycnosclerotium  and  spermogonium  of  Guignardia.  Berries  began  to 
show  spots  July  17,  1908,  and  were  dropped  into  fixer  July  23.  Pycno- 
spores  have  never  been  developed  in  these  conceptacles.  Distance 
from  plate  to  object  33  mm. 

Fig.  23. —  Pycnosclerotium  of  Fig.  22.    Plate  to  object  39  cm. 

Fig.  24. — "  Conidia."  Pycnosclerotium  with  hyphae  about  ostiole.  Kept  in  moist 
chamber  a  few  days.    Material  fixed  July  10,  1908. 

Fig.  25. —  Cross-section  of  a  spermogonium.  Also  shows  mycelium  well.  Mate- 
rial fixed  July  23,  1908. 
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Plate  IV. —  Pycnosclerotia  and  Spermogonia  of  Guignardia  bidweUii 
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Plate  V. —  Spores  of  Guignardia  hidwellil 

Unless  otherwise  noted  the  following  combinations  have  been  used.      Letts  oc. 

4f  obj.  1/16,  tube  120  mm.    Camera  lucida  with  arm  120  mm.  and  mirror  at  45^ 

Paper  on  the  table.    Reduced  one-third  in  reproduction. 

Fig.  26. —  Nearly  mature  ascus  with  spores.  Ascus  somewhat  elongated  by  absorp- 
tion of  water,  July  4,  1907.  Wall  should  appear  thickened.  The  faint 
line  used  to  show  the  limits  was  lost  in  reproduction.  With  the 
microscope  it  can  be  seen  ^:ily  by  careful  focusing. 

Fig.  27. —  Fully  mature  ascospores.    Showing  the  hyaline  appendage.    July  4,  1907. 

Fig.  28. —  Germinating  ascospores.    48  hours.    July  26,  1907. 

Fig  29. —  Germinated  ascospores  with  appressoria. 

Fig.  30. —  Pycnospores  from  stem  lesions.    Aug.  i,  1907. 

Fig.  31. —  Pycnospores  from  black  rotted  fruit.    Aug.  i,  1907. 

Fig.  32. —  Pycnospores  from  leaf  spots.    Aug.  i,  1907. 

Fig.  ^. —  Pycnospores  germinated.  Twelve  hours  in  a  drop  of  water  on  the  sur- 
face of  a  berry.    July  17,  1908. 

Fig.  34. —  Germinated  pycnospores  (20  hours)  from  an  old  mummy.   June  25,  1907. 

Fig.  35. —  Germinated  pycnospores.    Oc.  4  mm.;  obj.  1/6. 

Fig.  36. —  Germinating  pycnospores  ttnth  appressoria.    Oc.  4  mm.;  obj.  1/6. 

Fig.  37. —  Spermatia.  oc.  4  mm.  obj.  1/12.    Aug.  19,  1907. 

Fig.  38. — "  Conidia"  from  perithecium.  June  28,  1909.  Oc.  S  x;  obj.  4  mm.; 
tube  160  mm. 

Fig.  39. —  Camera  lucida  drawing  from  a  microtome  section  of  a  Black  Rot  lesion 
on  leaf.  Showing  the  effect  on  the  spongy  parenchyma.  Leitz  oc. 
2  mm.  Spencer  obj.  4  mm.  tube  160  mm.  arm  of  camera  lucida  12a 
Paper  on  level  with  stand. 
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Plate  V. —  Spores  of  Guignardia  bidwelUL 
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A  HERETOFORE  XTNNOTED  BEITEFIT  FROM  THE  GROWTH  OF 

LEGUMES 

It  IS  well  known  that  a  leguminous  crop,  when  vigorous  and  abundant, 
exercises  a  beneficial  influence  on  the  soil  and  on  succeeding  crops.  That 
a  legume  may  benefit  a  non-legume  growing  with  it,  by  causing  the  non- 
legume  to  contain  a  larger  quantity  of  nitrogen  or  protein,  seems  never 
to  have  been  ascertained. 

Experiments  we  have  conducted  with  timothy  growing  with  alfalfa, 
timothy  growing  with  red  clover,  and  oats  growing  with  peas,  show  that 
the  timothy  and  oats  contain  more  protein  when  grown  with  the  legume 
than  when  grown  alone.  The  increased  protein  content  of  the  hay 
crop  thus  produced  is  a  matter  of  considerable  practical  importance.  It 
indicates,  moreover,  that  the  non-legume  receives,  during  the  growth  of 
the  legume,  a  larger  supply  of  available  nitrogen  than  if  grown  alone^ 

> 

TIMOTHY  GROWN  WITH  ALFALFA  ^ 

J. 

The  protein  content  of  timothy  grown  on  field  plats,  twCL.Qf . jv^ygh 
contained  timothy  alone,  and  the  other  two  a  mixture  of  timothy  and 
alfalfa,  is  shown  in  Table  I.  In  each  case  the  two  plats,  one ^  with  and 
the  other  without  alfalfa,  were  side  by  side,  and  the  samples  of  timothy 
were  taken  on  the  same  day.  ,       -^^^ 


Table  I.    Protein  in  Timothy  Grown  With  and  Without  Alfalfa. 


Plat 
No. 


Crop. 


Protein 
incky 
matter, 

% 


Protein, 

per  ton 

timothy 

hay 

(io%  water), 

lbs. 


4002a 
4003a 

4002c 
4003c 


Timothy  grown  alone 

Timothy  grown  with  alfalfa 

Timothy  grown  alone 

Timothy  grown  with  alfalfa 


9.00 
'  9  69 


239 
280 

162 
174 


The  timothy  on  plats  40Q2a  and  4003a  wa^  harvested  on  the  same 
day,  and  earlier  than  that  on  plats  4002c  and,' 4003c,  which  two  plats 
were  also  harvested  on  the  same  day.  The  percentage  of  nitrogen  is 
naturally  higher  in  the  earlier  cut  grass.  Th€  calculafioTT  to  protein  per 
ton  of  hay  serves  as  a  more  obvious  means  of  (jomparison.  It  illustrates 
the  greater  value  of  the  grass  grown  with  alfalfa. 
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TIMOTHY  GROWN   WITH   RED  CLOVER 

S^mpks  were  also  obtained  of  timothy  growing  alone  and  of  the 
same  grass  growing  with  red  clover.    The  results  are  stated  in  Table  II- 

Table  II.  Protein  in  Timothy  Hay  When  Grown  Alone  and  When  Grown  With 

RsD  Clover. 


Crop. 


Protein 

Protein 

per  ton 

in  dry 
matter, 

of  hay 
(10% 

%. 

moisture). 

lbs. 

17.19 

309 

24- 56 

442 

Tipiothy  grown  alone , 

Timothy  grown  with  clover . 


Here  again  there  is  shown  to  be  a  greater  proportion  of  protein  in 
the  timothy  grown  with  the  legume  than  in  that  grown  alone.  The  value 
of  the  timothy  hay  per  ton  when  grown  with  the  legume  is  of  consider- 
able economic  importance.  The  value  of  the  manure  produced  from  this 
hay  is  also  somewhat  greater. 

OATS  grown  with  PEAS 

Oats  of  the  White  Russian  variety  were  planted  alone  and  with 
Canada  field  peas,  the  single  planting  and  the  combination  being  on  adja- 
cent plats.  The  oats  were  drilled  at  the  rate  of  two  bushels  per  acre, 
both  when  planted  alone  and  when  planted  with  peas.  Peas  were 
planted  at  the  rate  of  one  bushel  per  acre.    The  plats  were  in  duplicate. 

Samples  of  oats  were  taken  from  all  of  the  plats  when  the  crop  was 
ready  to  cut  for  hay.  Tables  III  and  IV  show  the  results  of  the  analyses 
of  these  samples. 

Table  III.  Percentage  of  ProtUIn  iN  Oats  and  Oat  Straw  When  Grown  With 
Peas  and  When  Grown  Alone.  Samples  Taken  at  Stage  of  Growth  Suitable 
for  Hay. 


Plat 

No. 


Crop. 


Protein 
in  dry 
matter 
of  heads 
of  oats, 
%. 


Protein 
in  dry 
matter 
of  straw 
of  oats, 
%. 


2632 
2633 

2635 
2634 


Oats  grown  alone 

Oats  grown  with  peas 

Oats  grown  alone   . . . 
Oats  grown  with  peas 


12.69 
1344 

14.94 
16.19 


5.87 
6.56 

5.75 
6.81 
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Table  IV.  Pounds  of  Protein  Per  Ton  of  Oat  Hay  (Without  Peas)  When  Oats 
Were  Grown  With  Peas  and  When  Grown  Alone.  (Straw  },  Heads  }  of 
Crop,  Moisture  in  Hay,  io%.) 


Plat 

No. 


Crop. 


Protein 
in  oat 
hay, 


Protein 
per  ton 
of  oat 

hay, 

lbs. 


2632 
2633 

2635 
2634 


Oats  grown  alone 

Oats  grown  with  peas 

Oats  grown  alone 

Oats  grown  with  peas 


7.33 
7.97 

7.93 
8.94 


147 
159 

159 
179 


The  difference  in  the  protein  content  of  the  oats  grown  with  and 
without  peas  is  not  so  great  as  that  produced  in  timothy  by  the  growth 
of  alfalfa  or  red  clover.  The  latter  crops  live  more  than  one  year, 
which  may  possibly  account  for  the  difference  in  the  effect  of  the  legume. 
The  fact  that  the  peas,  during  their  short  period  of  growth,  should  exer- 
cise such  an  appreciable  effect  on  the  composition  of  oats  is  an  indication 
that  legumes  influence  the  supply  of  available  nitrogen  in  the  soil  during 
the  growth  of  the  plant,  and  that  their  beneficial  effect  is  not  confined  to 
the  nitrogenous  matter  which  remains  in  the  form  of  stubble  and  roots. 

The  yields  of  the  hay  crops,  which  consisted  of  oats  alone  on  plats 
2632  and  2635  and  of  a  mixture  of  oats  and  peas  on  plats  2633  and  2634, 
are  given  in  Table  V. 

Table  V.   Comparative  Yields  of  Oat  Hay  and  of  Oat  and  Pea  Hay  on  Con. 

TiGUOus  Plats. 


Plat 
No. 

Crop. 

Yield 
of  entire 
crop  on 

Yield 
of  entire 
crop  per 

acre, 
lbs. 

2632 

Oats 

37.5 
48.5 

29.0 

39.0 

3.750 
4.850 

2,900 
3.900 

2633 

Oats  and  peas 

2635 
2634 

Oats 

Oats  apd  peas 

This  table  shows  that  so  far  as  the  yield  of  hay  is  concerned,  it  fully 
justified  the  cost  of  the  pea  seed,  and  left  a  very  liberal  margin.  The 
benefit  due  to  the  augmented  protein  content  of  the  oat  crop  is  therefore 
clear  gain. 
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Samples  of  oats  grown  alone  and  oats  grown  with  peas  on  nearby 
land  were  obtained  from  the  farm  of  Mr.  R.  L.  Speed  in  the  southeastern 
part  of  Tompkins  county,  the  soil  being  of  a  distinctly  different  type  from 
that  of  the  field  on  which  the  experiments  just  described  were  conducted. 
The  samples  were  taken  from  the  field  when  the  oats  were  ripe.  Results 
of  the  analyses  are  stated  in  Table  VI. 

!       Table  VI.   Protein  Content  of  Oats  Grown  With  and  Without  Peas. 


Crop. 


Protein  ^ 
in  erain, ' 

%. 


Protein 
in  straw, 


Oats  grown  alone 

Oats  grown  with  peas. 


10.50 
14.06 


3.69 
6.12 


These  figures  confirm  the  results  obtained  with  oats  and  peas  on  the 
University  farm.  The  oats  growing  with  the  peas  apparently  ripened 
normally  so  that  the  higher  nitrogen  content  could  not  have  been  due 
to  incomplete  maturation.  On  the  contrary,  the  oats  growing  with  the 
peas  appeared  to  be  more  vigorous  than  those  growing  alone. 

Analyses  were  made  of  oats  in  which  clover  had  been  seeded  and 
of  oats  grown  without  seeding,  but  these  did  not  show  any  material 
diflFerence  in  composition.  The  clover,  however,  had  made  a  very  poor 
growth. 

THE  RELATION   OF  ALFALFA  AND  OF  TIMOTHY  TO  THE   NITRATE  CONTENT 

OF  THE   SOIL 

The  fact  that  the  nitrogen  content  of  the  non-legumes  growing  with 
legumes  is  greater  than  when  the  non-legume  grows  alone,  gives  rise 
to  the  question  whether  the  easily  available  nitrogen  is  greater  in  the 
soil  on  which  the  legume  grows,  or  whether  some  other  cause  is  opera- 
tive in  increasing  the  nitrogen  content  of  the  non-legume.  In  order 
to  secure  information  on  this  point,  samples  of  soil  were  taken  from 
contiguous  plats  of  land  in  the  experiment  field,  which  were  planted 
to  alfalfa  alone  and  to  timothy  alone.  These  samples  were  taken 
July  6,  1910,  the  alfalfa  and  the  timothy  both  having  been  seeded  in 
1905.  One  plat  of  alfalfa  and  one  of  timothy  had  each  received  a  dress- 
ing, of  lime  at  the  rate  of  2,000  pounds  per  acre  before  seeding.  Through 
the  center  of  each  plat  a  strip  of  soil  had,  in  the  early  spring,  been 
hoed  bare  of  all  vegetation  and  this  strip  had  been  maintained  free 
from  plant  growth  up  to  the  time  the  samples  were  taken.  It  had  not, 
however,  been  cultivated,  but  was  merely  scraped.     Samples  of  soil 
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were  taken  separately  from  the  planted  and  from  the  bare  section  of 
each  plat,  three  borings  being  made  on  each  planted  end.  The  six  bor- 
ings from  the  two  ends  were  mixed  for  one  sample,  and  three  from 
the  bare  space  for  the  other.  The  borings  were  four  feet  in  depth, 
but  each  foot  was  kept  separate,  so  that  the  analyses  show  the  nitrates 
in  the  soil  of  each  one  foot  layer  to  a  depth  of  four  feet.  This  was 
done  to  insure  getting  all  of  the  nitrate  nitrogen  present  in  the  soil. 
So  far  as  nitrate  formation  and  occurrence  is  concerned,  however,  there 
appears  to  be  little  gained  by  sampling  below  the  surface  twelve  inches. 
Nitrates  were  determined  in  the  soil  samples  by  the  disulphonic  acid 
method. 

In  Table  VII  are  stated  the  nitrates  in  parts  per  million  of  the 
water-free  soil,  in  samples  from  alfalfa  plats  limed  and  unlimed,  the 
timothy  plats  limed  and  unlimed,  and  irom  the  bare  spaces  on  each  of 
these  plats. 

Table  VII.  Nitrates  (p.p.m.  NO3  Dry  Soil)  in  Soil  Under  Alpalpa  and  Under 
Timothy  and  in  Soil  Which  had  Previously  Grown  These  Crops,  but  Which 
Was  Kept  Free  Prom  Vegetation.    Samples  Taken  July  6,  1910. 


Plat  No. 


Depth, 
feet, 


Crop  on  soil  when  sampled. 


Crop. 


Soil 
treat- 
ment. 


Nitrates 
p.m. 
iry  soil. 


& 


Bare  soil. 


Previous 
crop. 


Nitrates 
.p.m. 


dryi 


4001a... 
4001a. .. 
4001a.. . 
iooia. .. 
Average. 
4002a. . . 
4002a.. . 
4002a.. . 
4002a. . . 
Average. 
4001C. . . 
.4001C. . . 
4001C. .. 
iooic. .. 
Average. 
4002c. . . 
40Q2C. . . 
4002c. . . 
ioo2c. . . 
Average. 


Alfalfa 


Timothy 


Alfalfa 


Timothy 


Limed 


Limed 


Not  limed 


Not  limed 


13.8 
1.3 
1.4 
i.o 

4-4 
5.6 
0.9 
0.7 
0.9 
2.0 
28.3 
2.9 
2.0 

Trace 
8.3 
2.7 

Trace 


0.7 


Alfalfa 


Timothy 


Alfalfa 


Timothy 


45.8 
7  3 
5.4 
3.2 
15.4 
29.6 
2.9 

Trace. 
8.8 
38.8 

13  9 
2.9 

15 

14.3 

II. 7 

2.6 

Trace. 

36 
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It  is  quite  evident  from  this  table  that  the  alfalfa  soil  contains  more 
nitrates  than  does  the  timothy  soil  both  when  the  crop  is  growing  and  after 
the  crop  has  been  removed.  On  soil  that  has  grown  a  legume  for  a 
number  ot  years,  as  has  this  one,  it  is  reasonable  to  suppose  that  a  non- 
legume  growing  with  the  legume  would  profit  by  the  greater  supply  of 
available  nitrogen,  which  it  has  been  shown  by  a  number  of  investigators 
may  increase  the  nitrogen  content  of  the  plant. 

The  quantity  of  nitrogen  removed  annually  in  the  alfalfa  crop  was 
between  three  and  four  times  as  great  as  that  contained  in  the  timothy 
crops.  It  is  evident,  therefore,  that  the  higher  nitrate  content  of  the 
alfalfa  soil  is  not  associated  with  a  smaller  removal  of  nitrogen  in  the 
crops  it  has  produced.  The  fact  that  the  nitrates  are  lower  under  the 
alfalfa  than  in  the  bare  soil  previously  cropped  to  alfalfa  may  mean  that 
the  alfalfa  has  utilized,  to  some  extent,  nitrate  nitrogen  in  its  growth. 
If  it  be  true  that  the  alfalfa  has  drawn  on  the  supply  of  nitrate  nitrogen 
in  its  enormous  nitrogen  consumption,  the  high  nitrate  content  of  the  soil 
under  that  crop,  as  compared  with  the  soil  under  timothy,  is  still  more 
noteworthy. 

THE  NITRIFYING  POWER  OF  SOIL  ON  WHICH  ALFALFA  AND  TIMOTHY  HAVE 

GROWN 

The  nitrifying  power  of  a  soil,  if  the  method  for  its  determination 
really  does  what  we  expect  it  to  do,  is  not  necessarily  measured  by  the 
nitrate  content  of  the  soil  as  it  lies  in  the  field.  The  latter  depends  on 
the  quantity  and  form  of  the  total  nitrogen  as  well  as  the  conditions  of 
the  soil  which  favor  the  development  of  the  nitrifying  bacteria.  The 
former  is  supposed  to  measure  the  favorableness  of  the  soil  conditions 
for  nitrification.  Does  the  growth  of  a  certain  plant  on  the  soil  give 
that  soil  the  power  of  converting  ammonia  into  nitric  acid  more  quickly 
than  if  the  soil  had  grown  another  plant?  This  may  be  ascertained  by 
a  nitrification  test. 

The  following  method  was  used:  100  grams  of  the  moist  soil  were 
placed  in  a  250  cc.  bottle.  To  this  were  added  500  milligrams  of  am- 
monium sulfate  and  sufficient  water  to  bring  the  moisture  content  to  25 
per  cent  of  the  dry  weight  of  the  soil.  The  bottle,  after  insertion  of  a 
tight  cotton  plug  in  the  mouth,  was  placed  in  an  incubator  and  kept  at  a 
temperature  of  30**  C.  for  the  number  of  days  stated  in  the  table  givii^ 
the  results  of  each  test.  The  first  of  these  tests  was  nmde  of  aainpte 
taken  to  a  depth  of  eight  inches  on  October  6,  1*909. 
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In  Table  VIII,  which  contains  the  results  of  these  tests,  the  nitrates 
produced  in  ten  days  represent  the  difference  between  the  quantity  of 
nitrates  when  the  samples  were  taken  and  the  same  constituents  at  the 
end  of  ten  days.  The  column  containing  the  quantity  of  nitrates  at  the 
end  of  twenty  days  has  not  had  the  original  nitrates  substracted. 


Table  VIII.    Nitrifying  Power  of  Soils  Under  Alfalfa  and  Under  Timothy. 


Plat 
No. 


4001a 
4002a 
4001  c 
4002c 


Crop. 


Alfalfa.. 
Timothy 
Alfalfa.. 
Timothy 


Soil 
treatment. 


Limed 

Limed 

Not  limed . 
Not  limed . 


Nitrates 
produced 
in  10  days, 

p.p.m 
dry  soil. 


176 

145 

92 

77 


Nitrates  in 
soil  at  end 
of  20  days, 

p.p.m 
dry  soil. 


381 
361 
148 
148 


It  appears  from  the  results  here  tabulated  that  the  alfalfa  soil  has, 
both  when  limed  and  when  not  limed,  a  capacity  for  converting  am- 
monia into  nitric  acid  more  quickly  than  does  the  timothy  soil.  This 
is  indicated  by  the  results  at  the  end  of  ten  days.  At  the  end  of  twenty 
days,  however,  the  crop  factor  did  not  affect  the  total  production  of 
nitrates,  at  which  time  there  had  accumulated  about  all  of  the  nitrates 
that  the  nitrifying  organisms  were  capable  of  producing  in  the  presence 
of  their  own  products. 

The  character  of  the  plants  grown  may  therefore  affect  the  rate 
of  nitrification,  but  not  the  limit  of  nitrate  accumulation  in  the  soil. 
The  former,  however,  is  of  greater  importance  than  the  latter,  as  ni- 
trates, under  field  conditions,  are  constantly  being  removed  by  plant 
roots,  or  by  drainage  water,  and  the  supply  for  the  growing  crop  de- 
pends on  the  rate  at  which  nitrates  are  being  formed. 

If  it  be  true  that  leguminous  plants  do  not  utilize  soil  nitrates  to 
any  great  extent  when  inoculated  with  the  nodule-forming  organisms, 
then  it  would  appear  that  there  must  be  a  very  considerable  loss  of 
nitrates  from  the  soil  growing  these  crops  in  a  region  where  the  percola- 
tion of  water  through  the  soil  is  great. 

Another  test  of  the  nitrifying  power  of  the  soil  under  these  crops 
was  made  July  6,  1910.  The  samples  for  this  test  were  taken  from  the 
bare  strip  on  each  plat.    The  results  are  stated  in  Table  IX. 
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Table  IX.    Nitrifying  Power  of  Soil  Which  Had  Previously  Grown  Alfalfa 
AND  Timothy,  but  Which  was  This  Year  Kept  Free  Prom  Vegetation. 


Plat 
No. 

Soil  Treatment. 

Previous 
crop. 

Nitrates 
produced 

in 
7  days. 

4001a 
4002a 
4001C 
4002c 

Limed 

Alfalfa 

'^'^.O 

Limed 

Timothy 

Alfalfa 

29.4 

Not  limed         

26.  s 

Not  limed 

Timothy 

II  -3 

The  nitrifying  power  of  the  soil  which  previously  grew  alfalfa  is 
greater  in  each  case  than  that  of  the  soil  on  which  timothy  had  been 
grown.  One  effect  of  the  legume  on  the  soil  is  generally  conceded  to 
be  an  increase  in  the  quantity  of  organic  nitrogen.  These  results 
indicate  that  there  is  an  additional  benefit  arising  -from  the  influence  of 
the  legume  on  the  rate  at  which  nitrification  goes  on  in  the  soil  even 
aft^r  the  crop  has  been  removed. 

EFFECT  OF  LIME  IN   INCREASING  THE  PROTEIN  CONTENT  OF  ALFALFA  AND 
THE    PROTEIN    IN    ACCOMPANYING    VEGETATION 

On  certain  plats  of  land  planted  to  alfalfa,  part  of  which  was  limed 
and  part  unlimed,  it  was  noticed  that  the  alfalfa  grew  better  and  had 
a  better  color  on  the  limed  soil,  and  also  that  the  weeds  and  grass 
growing  with  the  alfalfa  were  likewise  better  on  the  limed  soil. 

Analyses  were  made  of  alfalfa  from  ten  plats  of  land.  One-half  of 
each  plat  had  been  limed  four  years  before  at  the  rate  of  3,000  pounds  of 
quicklime  per  acre.  In  every  case  alfalfa  from  the  limed  part  of  the  plat 
contained  a  higher  protein  content  than  that  from  the  unlimed  part. 
All  samples  of  alfalfa  were  taken  on  the  same  day  and  represented  ap- 
proximately the  same  stage  of  growth.  Examination  of  the  alfalfa 
roots  showed  the  presence  of  tubercles  in  practically  all  cases.  The  dif- 
ference in  composition  was,  therefore,  not  due  to  the  presence  or  ab- 
sence of  tubercles,  which  has  been  shown  by  Smith  and  Robinson* 
to  influence  the  nitrogen  content  of  alfalfa. 

On  these  plats  Erigeron  annuus  was  a  common  weed,  and  this  ap- 
parently shared  the  good  or  poor  condition  of  the  alfalfa.  Samples  of 
the  weed  were  taken  from  the  limed  and  unlimed  parts  of  each  plat. 
Nine  of  the  ten  plats  produced,  on  the  limed  soil,  plants  with  a  higher 
nitrogen  content  than  those  grown  on  the  unlimed  soil. 
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Table  X  shows  the  close  relation  between  the  lime  treatment,  the 
yield  of  alfalfa,  and  the  protein  content  of  the  alfalfa  and  of  the  weed 
Erigeron  annuus  growing  with  it. 


Table  X.  Epfbct  op  Liming  Soil  on  the  Yield  of  Alfalfa  Hay,  on  the 
Protein  Content  op  Alfalfa  and  op  Erigeron  Annuus  Growing  With  it, 
AND  on  the  Nitrates  in  the  Soil. 


plat  no. 

Yield  of  hay. 
first  cutting. 

Percentage  of  alf- 
hay. 

Protein  in  pure 
alfalfa,  (water-free) 

Protein   in    Eriaeron 
annuus.  (water-free) 

Nitrates  in  dry 
soil. 

Lbs. 

Lbs. 

Percentage. 

Percentage. 

p.p.m. 

Limed. 

Not 
limed. 

Limed. 

Not 
limed. 

Limed. 

Not 
Umed. 

Limed. 

Not 

Limed. 

Not 
limed. 

741 

103 

138 
X2a 
130 
zia 

69 
35 

49 
zxo 

96 

79 

47 
IS 

11 
70 

11 

80 
80 
85 
70 
60 

30 
75 

IS 

70 
75 
70 
20 

16.56 
21.00 
32.06 
19.56 
22.19 
21.62 
21.  Z9 
20.06 

22.12 
19.93 

13.94 
17.12 
19.00 
15. 75 
16.06 
18.68 
14.00 
14.87 
14.69 
14.69 

7.31 
10.44 
11.00 
10.87 

12. 25 

12.12 
10.  Z9 
ZI.19 
10.87 
10.50 

9.13 
8.37 
8.62 
8.81 
8.87 
9.19 

2.6 
9.7 
7.1 
7.8 
20.4 
3.3. 

i.t 

9.8 
8.5 

3.8 

74a 

5.6 

743 

4.3 

744 

5,4 

7AS 

2.9 

746 

1.7 

747 

2.9 

748 

7.7 

749 

5.Z 

750 

3.3 

Average 

103 

75 

71 

61 

20.63 

15.88 

10.67 

8.79 

8.1 

4.3 

The  results  here  tabulated  show,  as  was  to  be  expected,  that  liming 
the  soil  increased  markedly  the  yield  of  alfalfa  hay.  They  bring  out 
also  the  very  interesting  fact  that  alfalfa  on  the  limed  soil  contains  a 
greater  percentage  of  protein  than  does  that  on  the  unlimed  soil,  and 
that  the  same  is  true  of  the  weed  Erigeron  annuus  growing  with  the 
alfalfa.  That  the  higher  protein  content  of  the  plants  on  the  limed  soil 
is  closely  connected  with  a  more  rapid  rate  of  nitrification  on  the  limed 
than  on  the  unlimed  soil  is  indicated  by  the  columns  of  nitrate  determina- 
tions in  this  table  as  well  as  by  results  already  stated  in  Tables  VIII 
and  IX. 

It  appears  to  be  the  case  that  the  more  favorable  the  conditions  for 
the  growth  of  alfalfa,  the  more  rapid  the  formation  of  nitrates  and 
the  greater  the  protein  content  of  the  alfalfa  and  of  the  non-legumes 
growing  with  it.  Table  VIII  shows  that  the  limed  soil  has  a  greater 
nitrifying  power  than  the  unlimed,  whether  a  legume  or  a  non-legume 
is  growing  on  it,  but  that  it  is  greater  when  growing  a  legume  than 
when  the  plant  is  a  non-legume.  The  increased  protein  content  of  a 
non-legume  on  soil  containing  sufficient  lime  when  growing  with  alfalfa 
is  apparently  due  to  the  more  abundant  formation  of  nitrates  under 
these  conditions. 
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SUMMARY 

Timothy  grown  with  alfalfa  contained  a  greater  percentage  of  pro- 
tein than  did  timothy  grown  alone.  The  same  was  true  of  timothy 
grown  with  red  clover. 

Oais  grown  with  peas  had  a  higher  protein  content  than  oats  grown 
alone.  The  yield  of  the  mixed  oats  and  peas,  when  cut  for  hay,  was 
considerably  greater  than  the  yield  of  oats  alone. 

The  increased  value  of  the  non-legume,  due  to  its  greater  nitrogen 
content,  when  grown  with  a  legume,  is  of  some  economic  importance. 
A  method  for  increasing  the  protein  content  of  certain  forage  crops  by 
growing  them  with  legumes  is  thus  suggested. 

The  increased  supply  of  available  nitrogen,  which  these  results  indi- 
cate to  be  due  to  the  presence  of  the  legume,  must  have  a  very  im- 
portant influence  on  the  yield  of  the  non-legume  on  soils  where  nitrogen 
is  the  limiting  factor  in  the  growth  of  the  crop. 

Soil  on  which  alfalfa  had  grown  for  five  years  contained  more  ni- 
trates than  did  soil  which  had  grown  timothy  for  the  same  length  of 
time.  Sections  of  these  same  plats  kept  bare  of  vegetation  for  the  sum- 
mer gave  similar  results. 

The  rate  of  nitrification  of  ammonium  sulfate  was  greater  in  alfalfa 
soil  than  in  timothy  soil,  thus  indicating  an  influence  of  the  plant  on  the 
conditions  favoring  nitrification.  The  higher  protein  content  of  non- 
legumes  growing  with  legumes  than  of  the  non-legumes  growing  alone 
is  probably  due  to  the  more  active  nitrification  caused  by  the  presence 
of  the  legume. 

The  nitrifying  power  of  a  soil  which  grew  alfalfa  for  five  years  and 
which  was  then  kept  bare  of  vegetation  for  a  summer  was  greater  than 
that  of  adjacent  plats  on  which  timothy  had  been  grown  for  the  same 
length  of  time,  and  which  was  likewise  kept  bare  for  a  summer.  This 
indicates  a  benefit  arising  from  the  influence  of  the  legume  on  the  rate 
at  which  nitrification  goes  on  in  the  soil  even  after  the  crop  has  been 
removed. 

Alfalfa  grown  on  soil  in  need  of  lime  contained  a  higher  percentage 
of  protein  when  lime  was  added  to  the  soil  than  when  none  was  added. 
The  weed  Erigeron  annuus  growing  with  the  alfalfa  possessed  a  higher 
protein  content  when  grown  on  the  limed  soil.  Ammonium  sulfate, 
when  added  to  the  limed  and  to  the  unlimed  soil,  nitrified  more  rapidly 
in  the  former. 

The  greater  protein  content  of  a  non-legume  when  grown  with  a 
legume  on  a  soil  containing  sufficient  lime  as  compared  with  one  defi- 
cient in  lime,  is  apparently  due  to  the  more  abundant  formation  of  ni- 
trates under  these  conditions. 
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TAKING  STOCK  OF  COUNTRY  LIFE. 

This  agricultural  survey  in  Tompkins  county  is  a  contribution  to  the 
country-life  movement.  So  far  as  we  know,  it  is  the  most  complete 
census-taking  of  its  kind  that  has  yet  been  made.  The  first  recom- 
mendation of  the  Commission  on  Country  Life  is  that  there  should  be 
organized  a  comprehensive  plan  for  an  exhaustive  study  or  survey  of 
all  the  conditions  that  surround  the  business  of  farming  and  the  people 
who  live  in  the  country.  A  soil  survey  of  this  region  has  already  been 
published.  The  present  survey  is  primarily  to  determine  the  best  types 
of  farming  and  best  methods  of  farm  management  for  the  given  region. 
Other  kinds  of  surveys  should  also  be  made.  These  might  include  care- 
ful studies  of  religious,  educational,  sanitary,  and  general  social  condi- 
tions of  the  communities. 

The  recommendation  of  the  Commission  on  Country  Life  touching 
this  question  is  in  part  as  follows :  "  The  time  has  now  come  when  we 
should  know  in  detail  what  our  agricultural  resources  are.  We  have 
long  been  engaged  in  making  geological  surveys,  largely  with  a  view  to 
locating  our  mineral  wealth.  The  country  has  been  explored  and 
mapped.  The  main  native  resources  have  been  located  in  a  general  way. 
We  must  now  know  what  are  the  capabilities  of  every  agricultural  local- 
ity, for  agriculture  is  the  basis  of  our  prosperity  and  farming  is  always 
a  local  business.  We  cannot  make  the  best  and  most  permanent  progress 
in  the  developing  of  a  good  country  life  until  we  have  completed  a  very 
careful  inventory  of  the  entire  country. 

"  This  inventory  or  census  should  take  into  account  the  detailed  topog- 
raphy and  soil  conditions  of  the  localities,  the  local  climate,  the  whole 
character  of  streams  and  forests,  the  agricultural  products,  the  cropping 
systems  now  in  practice,  the  conditions  of  highways,  markets,  facilities 
in  the  way  of  transportation  and  communication,  the  institutions  and 
organizations,  the  adaptability  of  the  neighborhood  to  the  establishment 
of  handicrafts  and  local  industries,  the  general  economic  and  social 
status  of  the  people  and  the  character  of  the  people  themselves,  natural 
attractions  and  disadvantages,  historical  data,  and  a  collation  of  com- 
munity experience.  This  would  result  in  the  collection  of  local  fact, 
.on  which  we  could  proceed  to  build  a  scientifically  and  economically 
sound  country  life." 
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AN  AGRICULTURAL  SURVEY 

^Townships  of  Ithaca,  Dryden,  Danby  and  Lansing,  Tompkins  County, 

New  York 

INTRODUCTION 
The  possibilities  of  survey  work.  "  Every  farm  is  an  experiment 
station  and  every  farmer  the  director  thereof."  If  we  can  collect  and 
properly  correlate  the  results  of  all  the  more  or  less  accurate  experiences 
and  experiments,  we  shall  have  a  body  of  most  valuable  agricultural 
knowledge. 
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Fig.  147. — An  attractive  farm  home. 

If  such  results  are  secured  from  a  few  farmers  or  from  general  obser- 
vations, the  conclusions  are  not  likely  to  be  accurate ;  but  if  large  num- 
bers of  experiences  are  studied  by  statistical  methods,  reliable  results  may 
be  obtained.  A  farmer  is  quite  likely  to  attribute  success  or  failure  to 
the  wrong  cause.  This  is  to  be  expected  since  there  are  so  many  factors 
that  go  to  make  up  success.  Success  may  be  attributed  to  the  manner  of 
feeding  the  cows,  when  as  a  matter  of  fact  the  cows  are  not  paying  at  all, 
and  it  may  be  that  the  hay  crop  is  keeping  both  the  farmer  and  his  cows. 
The  farmer  may  attribute  success  with  an  apple  orchard  to  some  peculiar 
method  of  pruning  when  success  is  really  secured  in  spite  of  this  method. 
Failure  may  be  laid  to  the  soil  when  the  real  difficulty  is  that  the  wrong 
type  of  farming  is  being  attempted.  By  studying  large  numbers  of  farms 
the  real  reasons  and  their  relative  importance  usually  stand  out  clearly. 
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One  region  often  develops  a  system  of  farming  that  may  never  be 
heard  of  in  another  region  that  has  identical  adaptations.  For  a  hundred 
years  alfalfa  has  been  grown  in  the  vicinity  of  Syracuse,  New  York. 
The  crop  is  equally  at  home  in  a  strip  of  land  extending  from  Syracuse 
to  Buffalo.  Yet  it  is  only  in  the  last  few  years,  after  much  education, 
that  the  farmers  of  Livingston  county  have  come  to  realize  its  value. 
It  would  be  interesting  to  know  how  much  the  development  of  Syracuse 
as  a  great  Holstein  cattle  center  is  due  to  its  alfalfa.  Some  sections  of 
Tompkins  county  could  teach  Livingston  county  a  valuable  lesson  on 
the  most  profitable  breeds  of  cattle  and  how  to  feed  them  —  a  lesson 
that  Livingston  county  is  learning  very  slowly.  On  the  other  hand,  the 
farmers  of  Livingston  county  have  learned  how  to  use  labor  efficiently- 
This  is  perhaps  the  most  important  factor  in  their  prosperity.  They 
have  learned  how  to  use  horses,  a  lesson  that  has  yet  to  be  learned  in 
most  parts  of  New  York. 

The  agricultural  survey  work  in  its  various  phases,  is  a  recognition  of 
the  immense  fund  of  information  that  has  been  secured  as  a  result  of 
experience  and  experiments  on  farms.  It  is  an  attempt  to  make  use  of 
this  knowledge  and  to  separate  out  the  truths  from  the  superstitions. 

The  work  has  very  definite  limitations  as  there  are  many  new  subjects 
in  which  no  such  basis  of  experience  exists. 

Development  of  agricultural  surveys.  Some  years  ago  Director 
Bailey,  then  Professor  of  Horticulture  in  Cornell  University,  made  a 
number  of  field  studies  of  conditions  in  New  York.  These  were  of  an 
observational  nature.  Some  of  the  conclusions  were  published  as  bulle- 
tins. 

The  next  step  in  survey  work  was  the  study  of  apple-growing  in 
Wayne  and  Orleans  counties.  In  this  work  the  statistical  method  was 
used.  So  far  as  the  writers  know,  these  were  the  first  attempts  to 
determine  the  average  profits  as  a  basis  of  comparison  of  the  numerous 
methods  of  raising  crops.     These  results  were  published  as: 

Bulletin  226,  An  Apple  Orchard  Survey  of  Wayne  County,  New 
York. 

Bulletin  229,  An  Apple  Orchard  Survey  of  Orleans  County,  New 
York. 

It  seemed  desirable  to  broaden  the  survey  work  so  as  to  include  the 
entire  farm.  In  1906  a  beginning  was  made  in  Tompkins  county.  The 
townships  of  Ulysses,  Enfield,  and  Newfield  were  covered.  However, 
the  number  of  points  on  which  information  was  collected  was  so  great 
that  it  was  impossible  to  do  the  work  well.  This  first  year's  work  was 
of  little  value. 


Digitized  by  VjOOQIC 


An  Agricultuiial  Survey  387 

The  next  year  the  aim  of  the  work  was  changed  to  that  of  a  farm 
management  survey.  The  first  aim  of  this  work  is  to  find  the  profits 
for  the  year  on  each  farm,  and  to  find  what  conditions  and  types  of  farm- 
ing result  in  the  largest  profit,  or  labor  income;  in  other  words,  to  find 
why  certain  farms  pay  better  than  others.  This  has  been  the  main 
object  in  all  the  later  work.  In  1907,  the  townships  of  Groton  and 
Caroline  were  studied;  in  1908,  the  remaining  townships  of  the  county, 
Ithaca,  Dryden,  Danby  and  Lansing,  were  studied.  Not  until  1908 
were  the  methods  of  work  perfected  to  such  an  extent  that  satisfactory 
results  were  secured.  Unless  otherwise  stated,  all  the  figures  in  this 
bulletin  are,  therefore,  for  the  four  townships  studied  in  1908. 

In  1909,  records  were  secured  for  five  townships  in  Livingston 
county.  The  methods  of  work  were  then  perfected  so  that  the  results 
are  still  more  satisfactory.  The  methods  described  below  are  the  ones 
now  employed. 

Several  of  the  men  who  helped  in  this  work  have  later  taken  up 
similar  work  in  other  states.^ 

Methods  of  field  work.  The  names  and  addresses  of  the  farmers  in 
the  township  are  secured  from  the  assessor  in  order  that  a  circular  let- 
ter may  be  sent  to  each  farmer,  explaining  the  purposes  of  the  survey 
work.  The  newspapers  of  the  region  are  glad  to  announce  the  purposes 
of  the  work.  This  acquaints  the  farmer  with  its  objects  and  therefore 
saves  much  time.  The  following  is  a  copy  of  one  of  the  circular 
letters  sent  to  farmers: 

To  the  Farmers  of  the  Towns  of : 

The  College  of  Agriculture  is  making  an  agricultural  survey  of County. 

The  purpose  of  this  work  is  to  determine  what  the  difficulties  are  in  the  way  of 
soil  fertility,  crop  difficulties,  market  conditions;  to  determine  what  systems  of 
farming  are  paying  best  and  to  enable  us  to  make  suggestions  for  the  betterment 
of  the  agriculture  of  the  region. 

The  farms  will  be  visited  by  . 

Such  questions  as  the  following  will  be  asked:  The  value  of  land,  machinery, 
stock,  etc.,  on  hand  April  i.  Tne  acreage  and  yield  of  each  crop  in  19 — ;  the 
amounts  of  the  19 —  crops  sold  and  the  receipts.  The  amounts  of  milk,  eggs,  etc., 
sold  between  April  i,  19 — ,  and  April  i,  19 — ,  and  receipts  for  the  same.  The 
expenses  for  labor,  seed,  feed,  fertilizer,  machinery,  threshing,  etc.,  during  this 
time. 

Your  replies  wUl  be  considered  as  strictly  confidential.  The  information  that 
you  and  others  give  will  be  used  in  making  up  the  final  report  on  the  general  con- 
dition of  farming  in  these  towns,  but  the  replies  of  individuals  will  not  be  pub- 
lished, without  their  consent.  This  work  has  nothing  to  do  with  assesstnents  or 
taxes,  so  you  may  give  actual  cash  values.  It  is  for  the  purpose  of  agricultural 
study  only  that  these  figures  are  collected. 

I  shall  be  glad  if  the  farmers  will  aid  these  representatives  of  the  college  to 
secure  the  information  we  desire ;  and  I  hope  that  in  return  we  may  be  able  to 
give  advice  to  those  who  wish  it. 

L.  H.  BAILEY, 
Director  of  the  New  York  State  College  of  Agriculture. 

^See  Circular  75,  Bureau  of  Plant  Industry,  U.  S.  Dept.  Agr.  f^ r^r^r^]r> 
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In  making  the  survey  it  has  been  found  most  economical  to  have  two 
men  work  together.  They  can  then  use  one  horse  without  either  man 
having  to  lose  much  time  in  walking. 

Each  man  has  a  soil  map  on  which  is  placed  the  number  of  the  farm 
as  given  in  the  record.  This  will  make  it  possible  to  locate  the  farm  at 
any  time  in  the  future,  if  similar  work  should  be  repeated  a  hundred 
years  from  this  time. 

Members  of  the  faculty,  graduate  students,  and  seniors  have  gath- 
ered the  information  in  this  survey.  Great  care  has  been  exercised  in 
choosing  the  men  for  the  field  work.     Only  those  who  have  lived  on 


Fig.  148. —  A  Tompkins  County  Farm,    The  pond  is  used  for  water  power. 

farms  and  who  are  also  rapid  in   the  use  of  figures  can   do   the   work 
satisfactorily. 

The  record  sheet  on  the  last  page  shows  the  form  of  the  final  record. 
In  the  field  work,  books  are  used  that  have  spaces  for  only  those  ques- 
tions that  are  asked  of  the  farmer.  These  records  are  copied  on  the 
final  record  sheet  each  evening.  In  the  first  years  of  the  work  the 
records  were  not  copied.  It  has  been  found  much  more  satisfactory  to 
copy  all  records  daily.  The  italics  in  the  record  sheet  are  filled  in  in  the 
office.  The  other  figures  represent  the  original  data  as  given  by  the 
farmer. 

Methods  of  calculating  results.  All  field  blanks  are  gone  over  sev- 
eral times  in  order  to  check  errors.  Calculations  and  transfers  of  figures 
are  made  by  one  person  and  checked  by  another.  A  few  figures  are 
included  for  work  done  in  1906  and  1907  for  the  townships  of  Ulysses, 
Enfield,  Newfield,  Caroline,  and  Groton.     This  work  was  not  so  care- 
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fully  checked.  All  the  conclusions  in  the  bulletin  are  drawn  from  the 
carefully  checked  work  for  the  townships  of  Ithaca,  Dryden,  Danby,  and 
Lansing.  The  work  of  the  previous  year  so  far  as  tabulated  agrees 
with  these  conclusions  in  all  cases. 

The  method  used  in  Livingston  county,  and  that  will  be  followed 
hereafter,  is  to  copy  the  field  blanks  on  the  permanent  record  sheets 
each  evening.  These  are  then  gone  over  at  once  by  the  person  in  charge 
of  the  work,  in  order  to  find  inconsistencies,  omissions,  or  other  errors. 
If  such  are  found,  the  matter  is  taken  up  with  the  farmer  by  telephone 
or  the  farm  is  again  visited.  -After  the  blanks  are  brought  to  the  Col- 
lege, the  transfer  from  the  field  blanks  is  checked  by  another  person. 
All  additions  and  calculations  are  checked.  All  transfers  are  made 
by  one  person  and  checked  by  another.  By  this  means  we  think  that 
we  have  prevented  any  serious  errors  in  calculations. 

Accuracy  of  the  results.  In  nearly  every  instance  farmers  have  been 
willing  to  give  all  the  information  asked  for  and  have  given  it  as  ac- 
curately as  they  could.  In  some  cases  farmers  have  wondered  just  what 
the  work  was  about,  but  most  of  them  have  given  the  information  just 
as  willingly,  because  they  had  sufficient  confidence  in  the  College  to  be- 
lieve that  it  must  be  useful. 

Only  a  few  men  were  met  who  did  not  try  to  give  accurate  results. 
The  farmers  understand  that  the  reports  are  confidential  and  that  they, 
have  nothing  to  do  with  taxation  so  that  there  is  no  reason  for  incorrect 
answers.  Inaccurate  records  were  either  checked  at  the  time  or  were 
not  used  in  tabulating  results.  It  is  very  easy  to  detect  such  cases  by 
inconsistencies  in  the  answers. 

The  next  question  that  arises  is  as  to  the  ability  of  the  farmer  to  give 
accurate  replies.  The  more  we  work  on  this,  the  surer  we  are  that  the 
accuracy  of  the  returns  depend  more  on  the  skill  of  the  enumerator  than 
on  the  farmer.  Forty-five  per  cent  of  the  farmers  keep  accounts.  The 
majority  of  those  who  do  not  keep  accounts  can  give  accurate  figures 
on  the  business  receipts  and  expenses  if  the  right  questions  are  asked. 
It  would  of  course  be  much  more  difficult  to  secure  figures  on  household 
and  personal  expenses  as  these  contain  so  many  items,  but  this  work 
is  concerned  with  the  business  receipts  and  expenses  only.  When  these 
are  asked  item  by  item,  the  farmers  are  usually  able  to  give  accurate 
replies. 

As  indicating  that  the  problem  of  getting  such  information  is  a  mat- 
ter of  knowing  how  to  do  the  work,  very  few  good  records  were  secured 
during  the  second  year's  work.     In  the  third  year,  good  records  were 
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secured  from  over  three-fourths  of  the  farmers.  In  Livingston  county 
still  better  results  were  secured.  In  tabulating  results,  the  accurate 
records  only  are  used. 

The  men  who  are  doing  the  field  work  soon  become  expert  at  check- 
ing up  omissions  or  errors.  For  example,  suppose  that  a  man  gives  the 
wrong  number  of  cows  in  the  form  inserted  at  the  end  of  this  bulletin. 
The  number  last  year,  plus  purchases,  plus  heifers  that  became  cows, 
less  sales  and  deaths,  must  equal  the  number  this  year.  If  these  check, 
they  are  almost  certain  to  be  correct.  Men  who  are  doing  the  work 
soon  become  able  to  detect  any  serious  errors  in  values  or  production. 
Similarly,  there  are  ways  of  checking  nearly  all  the  figures. 

In  many  cases  a  considerable  error  would  have  little  effect  on  the 
result.  Suppose  that  a  man  valued  his  farm  at  $1000  more  than  it  was 
worth.  The  enumerator  would  probably  check  the  matter  at  once,  but 
even  if  this  remained  on  the  record  it  would  affect  the  labor  income  by 
only  5  per  cent  of  the  error,  or  $50.  An  error  of  $100  in  the  value  of 
farm  machinery  would  affect  the  labor  income  by  only  $5. 

In  calculating  increases  of  inventory,  no  additions  to  land  values  have 
been  allowed  unless  some  very  distinct  improvement  has  been  made. 
In  Lansing  township  the  land  values  were  raised  by  the  new  railroad, 
but  the  value  of  the  farm  at  the  beginning  and  at  the  end  of  the  year 
was  considered  the  same  unless  some  internal  improvement  had  been 
made. 

Furthermore,  most  of  the  results  given  in  this  bulletin  are  based  on 
the  averages  from  a  number  of  farmers.  Even  if  the  individual  results 
were  more  or  less  inaccurate  the  averages  may  yet  be  accurate.  An 
illustration  of  this  may  give  the  idea  better  than  any  mathematical  theory 
of  averages.  The  writer  showed  a  stick  44.1  inches  long  to  a  class  of 
100  students.  Each  one  guessed  on  the  length  of  the  stick.  Some  of 
the  guesses  were  not  nearly  correct,  but  the  average  was  44.7  inches  which 
is  an  error  of  a  little  over  i  per  cent.  Four  persons  measured  the  same 
stick  with  four  different  rulers.  Their  results  averaged  43.6  which 
is  only  a  little  closer  than  the  average  of  a  large  number  of  guesses. 
One  who  makes  such  a  test  is  nearly  always  surprised  at  the  accuracy  of 
the  average  when  some  of  the  individual  estimates  are  so  inaccurate. 

We  have  found  that  when  we  have  about  twenty  farms  in  a  group, 
the  addition  of  more  farms  does  not  often  materially  change  the  result. 
We  do  not  often  draw  conclusions  from  a  group  containing  less  than  this 
number. 
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LOCATION   AND    DESCRIPTION    OF   TOMPKINS    COUNTY 

Tompkins  county,  New  York,  is  located  a  little  west  and  south  of 
the  center  of  the  State.  Nearly  all  of  the  farm  products  that  are  shipped 
out  of  the  county  are  sent  to  New  York  city.  The  distances  vary  from 
about  250  to  300  miles  from  different  points  on  the  various  railroads. 


Fig.   149. — Showing  the  location  of  Tompkins  county  in  New  York. 

There  are  no  cities  of  sufficient  size  to  furnish  important  local  mar- 
kets. Ithaca  with  a  population  of  about  15,000,  furnishes  a  fair  market 
for  some  products  from  a  limited  region,  but  does  not  materially  affect 
prices. 

The  Climate  is  well  adapted  for  the  growth  of  hay,  oats,  trees,  pota- 
toes, buckwheat,  and  wheat.  The  season  is  a  little  too  short  and  the 
summers  too  cool  for  the  best  growth  of  com,  but  this  crop  does  moder- 
ately well. 

The  average  annual  rainfall  at  Ithaca  for  the  past  48  years  (includ- 
ing 1909)  has  been  32.97  inches.  The  average  for  the  six  months  be- 
ginning April  I,  has  been  18.88  inches,  and   for   the    months  of  June, 
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July,  and  August  the  average  has  been  10.30  inches.  In  12  out  of  51 
years  the  rainfall  for  June,  July,  and  August  has  amounted  to  less  than 
8  inches ;  twice  it  has  been  less  than  7  inches  for  the  same  period. 


Table   150. — Topography  of   Tompkins  county.     The  elevations  vary  from  381  to 

1959  feet. 


The  average  date  of  last  killing  spring  frost,  at  Ithaca,  for  the  past 
29  years,  has  been  May  4.  The  last  killing  frost  has  occurred  after 
May  15  four  times.  The  latest  date  at  which  a  killing  frost  has  oc- 
curred in  the  spring  was  May  29.  The  average  date  of  the  first  kill- 
ing frost  has  been  October  11.    Such  a  frost  has  occurred  before  Octo- 
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ber  I  four  times.  Two  of  these  years,  1894  and  1895,  also  had  late 
spring  frosts.  The  earliest  date  at  which  killing  frost  has  occurred  was 
September  15.  Owing  to  great  differences  in  elevation,  the  season, 
is  shorter  and  cooler  in  many  parts  of  the  county.  The  elevation  varies 
from  381  feet,  the  level  of  the  lake,  to  1,959  feet  on  the  top  of  the  high- 
est hill. 

The  land  area  of  the  county  is  about  492  square  miles.  According 
to  the  1900  census  there  were  3,270  farms.  In  our  survey  work  we 
have  found  about  two-thirds  this  number  of  farms.  About  400  of  the 
farms  included  by  the  census  and  not  included  here,  were  small  places 
under  30  acres,  occupied  by  persons  who  are  not  really  farming.  Some 
had  retired  from  active  work  and  some  were  primarily  engaged  in  some 
other  occupation.    In  other  cases  nearly  all  the  farm  land  is  worked  by 


Fig.  151. — A  view  in  Enfield  township  showing  the  topography. 

neighbors.  We  have  not  enumerated  the  owner's  home  and  garden 
patch  as  a  farm.  A  part  of  the  difference  is  also  accounted  for  by  the 
fact  that  many  farms  have  been  combined  during  the  past  ten  years 
Only  those  places  that  would  be  called  farms  in  the  ordinary  sense  have 
been  taken  in  the  survey  work. 

The  agricultural  conditions  in  this  county  differ  greatly.  The  northern 
half  of  the  county  is  the  more  prosperous,  due  chiefly  to  the  better 
topography  and  soils. 

About  one-fourth  of  the  county  has  the  Volusia  silt  loam  type  of 
soil.  This  is  usually  situated  on  hills  that  are  far  above  the  railroads. 
Much  of  the  soil  is  fairly  level  after  the  hill  is  climbed.  This  type  of 
soil  is  not  naturally  fertile.  The  townships  of  Newfield,  Danby,  and 
Caroline  are  made  up  chiefly  of  this  soil.  This  section  is  a  part  of  what 
is  sometimes  called  the  abandoned  farm  region. 
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Nearly  one-third  of  the  county  is  of  the  Volusia  loam  type  of  soiL 
This  soil  occurs  at  lower  elevations  so  that  it  is  much  better  situated 
with  respect  to  railroads.  It  is  usually  fairly  level  and  is  naturally  a 
good  soil.    It  occurs  over  much  of  the  northern  half  of  the  county. 

The  remaining  area  is  made  up  of  a  number  of  soil  types.  Much  of 
this  land  is  in  the  valleys  and  in  the  northwestern  part  of  the  county. 

Most  of  the  agriculture  is  general  farming.  The  most  important 
products  are  hay,  milk,  oats,  potatoes,  eggs,  corn,  wheat,  and  buckwheat. 
The  crop  yields  average  a  little  above  the  average  of  the  State  and  con- 
siderably above  the  average  for  the  United  States.  The  milk  produc- 
tion per  cow,  and  egg  production  per  hen,  are  a  little  above  the  State 
average.  On  the  whole,  the  county  may  be  said  to  represent  al>out  the 
average  of  the  State.  The  northern  part  of  the  county  is  better  and 
the  southern  part  poorer  than  the  average. 

DEFINITIONS 

In  order  to  read  this  bulletin  intelligently  the  following  definiticms 
must  be  thoroughly  understood. 

Capital  includes  the  value  of  all  farm  property,  land,  houses,  build- 
ings, stock,  feed,  seed,  tools,  and  cash  necessary  to  keep  the  farm  run- 
ning. It  does  not  include  house  furnishings  that  are  not  used  in  farming. 
The  average  of  the  amount  at  the  beginning  and  at  the  end  of  the  year 
is  considered  to  be  the  capital  invested  in  the  business. 

Receipts  include  all  money  received  from  the  sale  of  any  farm  pro- 
ducts, also  receipts  from  outside  work,  rent  of  farm  buildings,  etc.  If 
the  value  of  the  buildings,  stock,  produce,  or  equipment  is  greater  at  the 
end  of  the  year  than  at  the  beginning,  the  difference  is  considered  a  receipt. 

Expenses  include  all  farm  expenses.  If  the  value  of  buildings,  stock, 
produce,  or  equipment  at  the  end  of  the  year  is  less  than  at  the  beginning, 
this  loss  is  included  with  expenses.  Household  or  personal  expenses 
are  not  included,  but  the  value  of  board  furnished  to  hired  help  is  counted. 
Expenses,  therefore,  include  all  business  expenses. 

Farm  income  is  the  difference  between  receipts  and  expenses.  This 
is  the  net  return  as  a  result  of  the  use  of  the  capital  and  unpaid  labor. 
It  does  not  represent  what  the  farmer  earned,  because  both  the  farmer 
and  his  money  were  working.  In  order  to  see  what  was  produced  by 
the  unpaid  labor,  we  must  subtract  the  amount  that  the  capital  would 
have  earned  if  placed  at  interest. 
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Income  from  unpaid  labor  is  the  farm  income  less  5  per  cent  interest 
on  the  capital.^ 

Labor  income.  Often  the  farmer  is  helped  in  the  farm  work  by 
members  of  his  family.  If  such  help  has  been  given,  the  amount  that 
it  would  have  cost  to  hire  it  is  deducted  from  the  income  from  unpaid 
labor  in  order  to  get  the  amount  that  the  farmer  earned  by  his  own 
labor.  If  a  farmer's  labor  income  is  $500,  it  means  that  as  a  result  of 
his  year's  work  he  has  made  S  per  cent  interest  on  his  capital  and  has 
cleared  $500  above  all  farm  expenses,  besides  having  the  use  of  a  house 
and  such  farm  produce  as  the  farm  furnished  for  consumption  in  the 
house.  This  figure  can,  therefore,  be  compared  with  wages  paid  to  a 
hired  man  who  is  given  a  house,  garden,  etc. 

PROFITS 

Average  labor  income.  Omitting  places  that  were  too  small  to  be 
called  real  farms,  records  were  secured  for  983  farms  in  the  townships 
of  Ithaca,  Dryden,  Danby,  and  Lansing.  After  eliminating  those  for 
which  the  data  were  more  or  less  incomplete  and  the  places  of  persons 
whose  chief  occupation  was  other  than  farming,  and  some  places  occu- 
pied by  invalids,  women  and  old  men  who  did  little  or  no  work,  there 
were  left  615  farms  operated  by  owners  and  154  farms  operated  by 
tenants,  20  of  which  rented  additional  area  and  are  not  used  in  some 
tabulations. 

TABLE  I.    Average  Capital  and  Profits.    749  Farms. 


Operated 
by  owners. 


Operated  by  Tenants. 


Tenant. 


Landlord. 


Number  of  farms 

Average  capital 

Average  receipts 

Average  expenses 

Farm  mcome 

Interest  at  5  per  cent 

Income  from  unpaid  labor 

Value  of  unpaid  labor  except  farmer's . 

Labor  income 

Landlord's  per  cent 


615 

$5»527 

1,146 

389 

757 

276 

481 

58 

423 


$1,281 
814 
340 
474 
64 
410 

31 
379 


^     135 

$5»242 

573 
138 
435 


8.3% 


*  Taxes  are  not  included  in  expenses.  The  five  per  cent  interest  is,  therefore, 
equivalent  to  the  interest  received  on  money  placed  at  this  rate  when  taxes  have 
to  be  paid  on  the  investment.  Probably  the  taxes  should  be  included  or  the  inter- 
est rate  made  5^  per  cent.  The  inclusion  of  taxes  would  not  change  any  of  the 
conclusions  in  the  bulletin. 
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The  average  capital  on  the  615  farms  was  $5,527. 

The  average  receipts  for  the  year  April  i,  1907  to  April  I,  1908, 
were  $1,146.    The  average  farm  expenses  were  $389. 

The  receipts  exceeded  the  farm  expenses  by  $757.  This  represents 
the  amount  that  was  earned  by  the  unpaid  farm  labor  and  the  interest 
on  capital.  If  we  subtract  5  per  cent  interest  on  the  capital,  or  $276,  and 
$58,  the  average  value  of  unpaid  farm  labor  done  by  members  of  the 
farmer's  family,  we  have  $423  which  is  the  average  labor  income  of 
these  615  farmers.  For  their  year's  labor  they  received  this  amount  of 
money  in  addition  to  having  a  house  to  live  in  and  such  products  as  the 
farm  furnished.     The  labor  ihcome  of  tenants  averaged  $379. 

A  farmer's  labor  income  might  be  nothing  or  even  a  minus,  quantity 
and  yet  he  might  live.  If  a  farmer  has  $6,000  capital,  and  if  the  receipts 
were  only  $200  more  than  the  farm  expenses,  his  labor  income  would  be 
$200  less  the  amount  that  $6,000  would  earn  if  placed  at  interest.  This 
would  give  a  labor  income  of  minus  $100.  Yet,  if  not  in  debt,  the  family 
would  have  $200  to  live  on.  In  this  case  they  would  be  living  on  their 
interest,  not  on  the  product  of  their  labor.  In  other  cases  men  who  are 
making  money  according  to  the  opinions  of  their  neighbors,  really  make 
nothing  except  interest.    They  get  nothing  for  their  work. 

The  farmers  that  are  cited  as  the  best  ones  are  often  not  making 
more  than  interest  on  their  capital.  Others  that  are  not  thought  of  as 
successful  are  doing  welh 

If  a  farmer  has  $10,000  and  is  not  in  debt  or  if  he  has  a  son  work- 
ing at  home,  he  may  be  getting  ahead  and  have  an  attractive  place  and 
yet  not  be  getting  more  than  interest  on  his  capital  and  pay  for  the 
son's  work,  leaving  nothing  for  his  own  work.  Such  farms  are  often 
written  up  in  bulletins  and  papers  as  examples  of  model  farming. 

In  order  to  see  how  accurately  profitable  farms  may  be  told  by 
appearance,  each  person  taking  records  indicated  his  opinion  of  the 
farm  while  takmg  the  record.  Of  the  twenty-five  most  profitable 
farms  in  four  townships,  only  four  were  correctly  classed.  One  was 
put  in  the  lowest  class.  The  majority  of  those  that  were  placed  in  the 
highest  class  failed  to  make  good  labor  incomes.  The  appearances  of 
a  farm  are  not  a  reliable  indication  of  profits.  Attractive  farms  are 
frequently  kept  up  by  the  interest  on  a  large  investment. 

A  farm  cannot  be  said  to  be  financially  successful  unless  it  pays 
all  expenses,  interest  on  the  capital,  the  value  of  unpaid  family  labor, 
and  a  good  wage  for  the  operator. 

Variation  in  labor  incomes.  The  average  owner  received  $423  as  pay 
for  his,  personal  labor  and  management  for  a  year,  but  there  were  wide 
variations  from  this  amount. 
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The  common  wages  for  a  hired  man  in  this  region  at  the  present  time 
are  $300  to  $350,  with  house  rent,  garden,  wood,  and  milk.     Some  of 

TABLE  2.    Variation  in  Labor  Incomes  on  749  Farms. 


Labor  Income. 


Operated  by  Owners. 


Number 
of  farmers. 


Per  cent 

of  the 

total  number, 


Operated  by  Tenants. 


Number 
of  farmers. 


Per  cent 

of  the 

total  number. 


-$200  or  less . 

-  19^       o. 

I-    200. 

201-    400. 

401-    600. 

601-    800. 

801-1,000 
1,001-1,500 
1,501-2,000 
2,001-3,000 
Over    3,000 


18 

62 

132 

146 

no 

58 

32 

32 

19 

3 

3 


3% 
10 
22 
24 
18 

9 

5 

5 


I 

3 

42 

44 

23 

9 

6 

3 
o 

3 
o 


1% 
2 

31 
33 
17 

7 

5 

2 

o 

2 

o 


the  better  men  receive  more.  Roughly  speaking,  we  may  say  that  one- 
third  of  the  owners  made  less  than  hired-men,  one-third  made  about  the 
same  as  hired-men,  and  one-third  made  more  than  hired-men  (Table  2). 
About  one-third  of  the  tenants  made  less  than  hired-men,  one-third 
did  about  as  well  as  hired-men,  and  one-third  made  more  than  hired-men. 
It  will  be  seen  that  57  owners  and  6  tenants  made  a  labor  income  of  over 
$1,000,  and  that  25  owners  and  3  tenants  made  over  $1,500.  The  highest 
labor  income  was  $3,668  made  by  a  man  who  operated  his  own  farm. 

It  is  evident  that  farmers  did  not  receive  more  than  their  share  of 
the  prosperity  of  the  country.  The  years  when  these  figures  were  taken 
were  periods  of  good  prices  and  good  crops.  There  is  no  question  but 
that  farmers  in  the  past  received  less  than  their  share  of  the  prosperity  of 
the  country  —  a  fact  that  found  its  emphatic  expression  in  the  great 
movement  from  country  to  city.  However,  the  one-third  of  the  farmers 
who  are  making  more  than  hired-men  are  a  hopeful  sign  for  the  future. 
It  IS  now  possible  to  make  a  good  living  on  the  farm. 

To  learn  how  these  men  were  able  to  do  so  much  better  than  their 
neighbors  is  the  chief  aim  of  this  study.  As  we  proceed,  we  shall  see 
that  a  number  of  conditions  seem  to  be  necessary  for  success. 

Percentage  of  profit  made  by  owners.  Each  farmer  was  asked  to 
estimate    what    it    would    have    cost    to   have    hired    the    farm    work 
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that  he  did.  These  estimates  for  the  farms  operated  by  owners  in 
four  towns  averaged  $326.  The  difference  between  receipts  and  ex- 
penses on  these  farms  was  $757  (Table  i).  If  we  subtract  from  this 
the  value  of  all  labor  done  by  the  farmer  and  his  family,  the  balance 
may  be  said  to  be  the  interest  that  the  farmer  received  on  his  invest- 
ment. This  amount  is  $373,  which  is  6.7  per  cent  on  the  average 
capital. 

Profits  made  by  landlords.  The  landlords  receipts  above  exi>enses 
amounted  to  8.3  per  cent  interest  on  their  capital.  This  appears  to  be  a 
good  rate  of  interest.  The  money  could  be  loaned  on  farm  mortg^ages 
at  5  to  S^  per  cent.     But  landlords  have  the  trouble  of  looking  after 

TABLE  3.    Variation  in  Landlords'  Profits  on  135  Farms. 


Pbr  cent  on  Investment. 


Per  cent 

of  the 

total  number. 


2     %  or  less 

2.1-  4...    . 

4.1-  6 

6.1-  8 

8.1-10 

10.1-15 

15- 1-20 

Over  20 


5^0 
8 

23 
19 
18 

17 
6 

4 


their  farms.  This  usually  causes  more  or  less  worry  as  well  as  labor. 
There  is  also  more  risk  than  with  mortgages.  Crops  are  not  so  sure  as 
interest.  The  23/2  to  3  per  cent  seems  to  be  the  average  pay  that  the 
landlords  get  for  the  additional  trouble  and  risk. 

From  Table  3  it  will  be  seen  that  while  the  majority  of  the  land- 
lords made  a  fair  profit,  there  were  none  of  the  fabulous  profits  that 
sometimes  occur  in  other  enterprises. 

Profits  in  different  townships.  The  average  labor  incomes  varied 
to  a  considerable  extent  with  the  diflFerent  townships,  the  average  for 
the  township  of  Ithaca  being  nearly  double  that  of  Danby  (Table  4). 
It  will  be  remembered  that  Danby  is  made  up  largely  of  the  Volusia  silt 
loam  type  of  soil  and  that  most  of  the  farms  are  on  the  hills  far  above 
the  railroads.     There  is  also  some  very  good  land  -in  this  township. 

It  will  be  seen  that  the  owners  and  tenants  in  the  best  townships 
made  nearly  twice  as  much  as  thos^  in  the  poorest  townships.  The 
diflferences  in  the  landlords'  profits  are  not  so  great.  The  character  of 
the  land  is  of  more  importance  to  the  man  who  operates  it  than  to  the 
landlord.  ^  ^ 
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TABLE  4.    Profits  in  Different  Townships. 


Operated  by  Owners. 

Operated  by  Tenants. 

Township. 

Number  of 
farmers. 

Labor 
income. 

Number  of 
tenants. 

Tenant's 

labor 
income. 

Number  of 
landlords. 

Landlord's 
per 
cent. 

Ithaca 

Dryden 

Danby 

Lansing 

78 
237 

176 

$524 
458 
275 
434 

27 
55 
19 
33 

$508 
376 
223 
366 

27 
55 
19 
34 

7.3% 

CAPITAL 
Average  total  capital.    The  average  total  capital  on  769  farms  was 
$5,721.    This  includes  all  capital  invested  in  the  farm  business  —  land, 
machinery,  stock,  feed,  cash,  etc.    The  capital  in  the  township  of  Ithaca 
is  much  higher  than  in  the  other  townships  (Table  5). 


TABLE  5.    Average  Capital  769  Farms. 

Township. 

Number 
of  farms. 

Averaee 
capital. 

Ithaca 

105 
297 
148 
219 

$S,d72 

Dryden 

5.435 
4»3io 

Danby 

Lansini; 

Average. . . . 

*5»72i 

Capital  of  owners,  tenants,  and  landlords.  The  average  capital  of 
the  owners  was  $5,527,  tenants  $1,281,  and  landlords  $5,242.  The 
average  total  capital  of  both  landlord  and  tenant  on  the  tenant  farms 
was  $6,562,  considerably  more  than  the  average  capital  on  farms 
operated  by  owners.^ 

Increase  in  capital.  The  average  capital  per  farm  on  farms  operated 
by  owners  was  $92  more  on  April  i,  1908,  than  it  was  on  April  i,  1907. 
This  is  a  hopeful  sign,  showing  that  the  average  amount  invested  in 
the  farm  business  is  increasing.     Much  more  capital  is  needed. 


*  Some  tenants  work  farms  for  two  landlords ;  hence,  the  total  capital  for  the 
rented  farm  is  greater  than  the  sum  of  the  averages  for  landlord  and  tenant. 
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Variations  in  capital.  From  Table  6  it  will  be  seen  that  over  one- 
third  of  the  farmers  who  operate  their  own  farms  have  less  than  $4,ocx) 
invested  in  the  farm  business.  Less  than  one-third  have  as  high  as 
$6,000.    Of  even  these  small  amounts  considerable  is  borrowed.     When 

TABLE  6.    Variation  in  Capital  on  615  Farms  Operated  by  Owners. 


Cahtal. 


Number 
of  farms. 


Per 

cent 

of  the 

total 

number. 


$2,000  or  less.. 
2,001-  4,000. 
4,001-  6,000 
6,001-  8,000 
8,001-10,000 
10,001-15,000 
Over      15,000 


6% 
33 
30 
15 

7 
7 

2 


we  consider  the  equipment  and  stock  necessary  to  run  a  farm,  we  can- 
not fail  to  realize  how  much  these  farmers  are  in  need  of  capital  for 
conducting  the  farm  business.  To  buy  land,  house,  barns,  stock,  and 
machinery  with  less  than  $4,000  is  certainly  a  problem. 

Capital  related  to  profits.  The  necessity  for  a  reasonable  amount  of 
capital  is  shown  by  Table  7.  The  average  owner  with  less  than  $4,000 
capital  has  not  made  as  much  money  as  a  hired  man  receives.    Those 

TABLE  7.    Relation  of  Capital  to  Profits.    615  Farms  Operated  by  Owners- 


Capital. 


Average 
labor 


$2 ,  000  or  less. . 
2,001-  4,000 
4,001-  6,000 
6,001-  8,000 
8,001-10,000 
10,001-15,000 
Over      15,000 


$192 
240 

399 
530 
639 
870 

1,164 


with  a  capital  of  $10,000  are,  on  the  average,  making  very  good  profits. 
The  results  are  the  same  in  each  of  the  four  townships,  when  considered 
separately. 
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It  has  been  suggested  that  the  more  able  men  have  the  larger  capitals 
and  that  the  results  are  due  to  the  man  rather  than  to  the  amount  of 
capital.  But  most  of  the  men  who  make  successes  in  farming  begin 
with  small  capitals;  there  must  be  some  such  men  beginning  now.  As 
a  matter  of  fact,  there  are  many  able  men,  both  young  and  old,  who  are 
farming  with  very  little  money.    If  the  question  is  one  of  the  man,  then 
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Fig.  152. — The  labor  income  increases  with  the  capital. 


SQO(r 


these  should  be  doing  well.  Table  8  shows  how  many  men  with  small 
capitals  are  making  fair  profits. 

Of  36  farmers  with  capitals  of  less  than  $2,001,  not  one  made  a  labor 
income  of  $600.  Of  236  who  had  less  than  $4,001  capital,  not  one  made 
a  labor  income  of  $1,000,  and  only  one  made  as  much  as  $800.  The 
possibilities  of  large  profits  with  so  small  a  capital  do  not  seem  very 
bright. 

Table  9  shows  the  same  results  summarized  in  another  way.  Of 
57  farmers  with  over  $10,000  capital,  20  made  labor  incomes  above 
$1,000.  Six  men  who  operated  their  own  farms  made  labor  incomes 
of  over  $2,000.    Their  capitals  varied  from  $9,185  to  $21,786. 

The  possibilities  of  a  large  loss  are  also  greater  when  one  has  a 
large  capital.  It  is  almost  impossible  to  make  a  large  loss  with  a  small 
capital.  If  one  has  $15,000  invested  and  is  not  in  debt,  and  if  the  farm 
receipts  are  $300  more  than  the  farm  expenses,  there  will  be  $300  for 
the  family  to  live  on.  But  the  labor  income  will  be  minus  $450  since 
the  farmer  has  made  this  much  less  than  5  per  cent  interest  on  his 
capital.  Digitized  by  GoOglc 
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TABLE  8.    Variation  in  Labor  Incomes  with  Different  Amounts  of  Capital. 
615  Farms  Operated  by  Owners. 


Per  cent  of  Farmers  in  Each  Capital  Group  Making 
Labor  Incomes  as  Designated. 

Capital. 

Minus 

$200 

or 

less. 

Minus 

$199 

to 

0. 

$1 

to 

200. 

$201 

to 

400. 

$401 

to 

6c)o. 

$601 
to 

800. 

$801 

to 

1,000. 

$1,001 

to 
1,500- 

Over 
$1,500 

$2,000  or  less — 

2,001-  4,000.. . 

4,001-  6,000.. . 

6,001-  8,000.. . 

8,001-10,000.. . 
10,001-15,000..  .- 
Over      15,000... 

% 
0 
I 
3 
3 
4 
7 
15 

% 
17 
15 
10 

2 

7 
2 
0 

% 

47 

30 

18 

16 

9 

9 

8 

% 
17 
28 
28 

19 

18 

II 

8 

% 
19 
18 
18 
22 
18 
16 
0 

% 

0 

7 

9 

15 

15 

7 

15 

% 
0 
I 
7 
9 
7 

16 
8 

% 
0 
0 

5 
10 

13 

14 

8 

% 
0 
0 

2 

4 

9 

18 

3S 

TABLE  9.     Relation  of  Capital  to  Profits.    615  Farms  Operated  by  Owners 


Capital. 


Number 

of 
farmers. 


Per  cent 
of  the 

farmers 

making 
labor 

incomes 

of  less 

than  $401. 


Per  cent 
of  the 
farmers 
making 
labor 
incomes 
of  over 
$1,000. 


$2,000  or  less. 
2,001-  4,000 
4,001-  6,000 
6,001-  8,000 
8,001-10,000 
10,001-15,000 
Over      15,000. 


36 
200 

183 

94 

45 

•  44 

13 


81% 
75 
59 
40 

38 
30 
31 


o 

8 

14 
22 

32 
46 


Six  of  the  57  farmers  with  capitals  of  ov€r  $10,000  failed  to  make 
5  per  cent  on  their  capitals  or  had  minus  labor  incomes.  One  of  these 
had  more  farm  expenses  than  receipts.  The  largest  loss  was  a  labor 
income  of  minus  $948  made  by  a  man  with  $22,385  capital. 

Relation  of  tenants'  capital  to  profits.  The  average  tenant  with  a 
capital  of  less  than  $1,001  failed  to  make  wages.  Those  with  $1,001  to 
$2,000  made  about  the  same  as  hired  men.  The  average  of  those  with 
over  $2,000  was  good,  but  eight  of  the  19  in  this  class  made  less  than 
hired  men  (Table  10). 
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TABLE  10.    Relation  of  Tenants'  Capital  to  Profits.      134  Farms. 


Tenants'  Capital. 


Average 

labor 
income. 


$500  or  less.. 
501-1 ,000 
I ,001-1 ,500 
I ,501-2,000 
2,001-3,000 
Over  3,000.. 


I282 
309 
342 
356 
670 
880 


TABLE  II.    Profits  in  Different  Townships  With  Equal  Capital. 
Farms  Operated  by  Owners. 


Ithaca. 

Dryden. 

Danby. 

Lansing. 

Capital. 

Num- 
ber 
farms. 

Aver- 
age 
labor 

in- 
come. 

Num- 
ber 
farms. 

Aver- 

labor 

in- 
come. 

Num- 
ber 
farms. 

Aver- 
age 
labor 

in- 
come. 

Num- 
ber 
farms. 

Aver- 
age 
labor 

in- 
come. 

$6,000  or  less 

6,001-10,000 

Over  10,000 

33 
18 

$250 

325 

1.325 

165 
54 
18 

820 

lOI 

18 
5 

ji8o 

533 
1.255 

• 

120 
40 
16 

I373 
577 
534 

Average 

78 

$524 

237 

*458 

124 

$275 

176 

*434 

Profits  with  equal  capital  in  different  townships.  One  reason  for 
the  low  average  labor  income  in  the  township  of  Danby  seems  to  be 
the  shortage  of  capital.  The  few  farmers  in  this  township  who  have 
sufficient  capital  seem  to  be  doing  well.  These  men  have  much  larger 
farms  than  the  same  capital  would  provide  in  the  other  townships 
(Table  11).     See  pages  434  and  435. 

Conclusions  on  the  question  of  capital.  Evidently  one  of  the  weakest 
points  in  the  farming  in  Tompkins  county  is  shortage  of  capital.  There 
are  several  ways  in  which  the  situation  may  be  met. 

The  majority  of  farmers  started  with  little  or  no  capital.  Even 
those  who  are  said  to  inherit  their  farms  often  pay  more  than  the  farm 
is  worth  in  rent  and  in  buying  out  other  heirs.  The  usual  steps  in  be- 
coming a  farmer  are,  first,  to  work  as  a  hired  man,  then  become  a 
tenant,  then  an  owner.     Naturally  a  young  man  wishes  to  become  a 
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tenant  as  soon  as  possible,  because  of  the  greater  freedom  that  he  wiU 
have,  and  for  the  same  reason  the  tenant  wishes  to  be  an  owner  as 
soon  as  possible.  Apparently  it  would  often  pay  to  work  a  little  longer 
as  hired  man  and  as  tenant.  Under  some  conditions,  as  when  land 
values  are  rising,  it  may  pay  the  tenant  to  buy  sooner  than  would  other- 
wise be  desirable. 

Reducing  the  size  of  the  farm  is  not  the  way  to  solve  the  question 
of  shortage  of  capital.  More  land  is,  if  anything,  more  important  than 
more  equipment.    See  Table  27, 

Another  way  that  owners  have  of  increasing  the  capital  is  to  rent 
additional  land.  Of  the  farms  operated  by  owners  for  which  a  labor 
income  was  calculated,  14  per  cent  rented  additional  land.  On  86  such 
farms  the  owned  area  averaged  89  acres  per  farm  and  the  rented  area 
51  acres.  The  total  area  averaged  35  acres  larger  than  the  average 
farm  of  those  who  did  not  rent.  The  average  labor  income  on  these 
farms  was  $522,  which  is  $115  more  than  the  average  made  by  the 
owners  who  did  not  rent  (Table  40). 

A  few  farmers  have  capital  invested  in  other  enterprises  or  in  the 
bank  that  would  much  better  be  put  in  the  farm  business. 

In  some  cases  the  farmer  could  wisely  increase  his  capital  by  borrow- 
ing on  a  farm  mortgage  for  the  purchase  of  more  machinery  and  better 
stock.  A  large  number  have  gone  as  far  as  possible  in  this  direction. 
It  is  doubtful  whether  such  borrowing  should  proceed  very  far  without 
being  accompanied  by  the  purchase  of  more  land.  Additional  land  for 
the  use  of  equipment  is  more  important  than  additional  equipment. 
Idle  equipment  is  quite  as  unprofitable  as  insufficient  equipment. 
Another  chapter  will  show  that  larger  farms  are  as  important  as  more 
capital. 

The  present  system  of  making  farm  loans  is  very  unscientific.  Farm 
land  in  this  region  is  quite  variable.  One  farm  may  be  worth  twice 
as  much  as  the  adjoining  one,  yet  the  loans  that  can  be  secured  may  be 
nearly  equal.  The  whole  question  of  agricultural  credit  should  receive 
a  careful  study. 

Distribution  of  capital.  Seventy-three  per  cent  of  the  total  capital 
invested  in  the  farms  on  April  ist  was  in  real  estate,  7  per  cent  in 
equipm.ent,  and  16  per  cent  in  live  stock,  including  teams.  Two  per 
cent  of  the  capital  was  in  feed  and  seed.  Only  i  per  cent  was  in  the 
form  of  unsold  produce.  Cash  necessary  to  run  the  business  amounted 
to  I  per  cent. 
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The  capital  on  tenant  farms,  although  a  little  greater  than  on  farms 
operated  by  owners,  has  practically  the  same  distribution. 

TABLB  12.    Distribution  of  Capital,  April  i,  1908.    769  Farms. 


Item. 

Average 
invest- 
ment. 

Per  cent 
of  total 
invest- 
ment. 

Real  estate 

$4,233 
57 

73% 
il 

^4achinery  and  tools 

Stock. . . .' 

Feed  and  seed 

2 

Produce 

1 

Cash .....                           

I 

Total 

$5,777 

100% 

TABLE  13.    Distribution  of  Capital  in  Different  Townships. 
^April  I,  1908,  769  Farms. 


Item. 

Dryden. 

Danby. 

Lansing. 

Real  estate 

$6,592 

536 

1,114 

46 
121 

$3,982 

389 

912 

112 

30 

46 

$2,995 
356 

795 
127 

13 
52 

$4,279 

430 

831 

154 

90 

43 

Machinery  and  tools 

Stock....' 

Feed  and  seed 

Produce 

Cash 

1       Total 

$8,566 

$5,471 

$4,338 

$5,827 

In  Table  13  the  different  townships  are  compared  as  to  the  distribu- 
tion of  capital. 

The  investment  in  real  estate  is  $6,592  in  Ithaca,  $3,982  in  Dryden, 
$2,995  ^"  Danby,  and  $4,279  in  Lansing.  The  variations  are  not  the 
result  of  differences  of  size  of  farms,  but  of  differences  in  value  per 
acre  of  land  in  the  different  townships.  The  investment  in  stock  is 
$1,114  in  Ithaca,  $912  in  Dryden,  $795  in  Danby,  and  $831  in  Lansing. 
More  and  better  stock  is  kept  in  Ithaca  than  in  the  other  townships. 
Danby  has  the  lowest  investment  in  stock. 

Profits  related  to  distribution  of  capital.  The  more  profitable  and 
the  less  profitable  farms  have  nearly  the  same  distribution  of  capital 
(Tables  14  and  37  and  page  526).     The  average  total  capital  of  the 
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TABLE  14.    Profits  Related  to  Distribution  of  Capital  on  April  i,  1908; 
615  Farms  Operated  by  Owners. 


Labor  Incomb. 

Total 
capital. 

Per 

cent 

in 

real 

estate. 

Per 
cent 
in 
ma- 
chinery 
and 
tools. 

Per 
cent 

in 
stock. 

Per 
cent 
in  seed 
and 
feed. 

Per 
cent 

in 

pro- 
duce. 

Per 

cent 

in 

cash. 

-$200  or  less 

-199-        0 

I-    200 

201-    400 

401-    600 

6or-    800 

801-1,000 

1,001-1,500 

Over    1,500 

*9.073 
4.157 
4,266 

4.815 
5»i9i 
6,532 
7.724 
8,077 
11,457 

74% 

7^ 

75 

73 

72 

74 

71 

71 

70 

11% 
9 
7 
7 
7 
7 
8 
8 
7 

11% 
14 

\t 

17 
15 
17 
15 
19 

2% 

2 
2 
2 
2 

2 
2 

3 
2 

1% 

I 
I 

I 
I 

I 
I 

2 
I 

2 

Average 

$5,576 

73% 

7% 

16% 

2% 

1% 

I'.. 

first  group  which  made  labor  incomes  of  -$200  or  less,  is  comparatively 
large.  A  large  investment  is  necessary  for  large  losses  as  well  as  for 
large  profits.  The  average  total  capital  of  all  the  other  groups  increases 
as  the  labor  incomes  increase,  again  emphasizing  the  importance  of 
capital. 

The  proportion  of  capital  in  real  estate  decreases  slightly,  while  in 
stock  it  increases  a  little.  The  more  profitable  farms  have  better  stock 
than  the  less  profitable  farms.  This  larger  percentage  of  the  capital  in 
stock  is  not  due  to  a  decrease  in  the  capital  invested  in  real  estate.  The 
real  estate  capital  is  also  larger.  Except  for  this  the  difference  between 
the  capital  on  tfie  more  profitable  and  the  less  profitable  farms  is  one  of 
amount  and  not  of  distribution. 

RECEIPTS 

Average  receipts.  The  average  receipts  on  the  farms  operated  by 
owners  were  $1,146.  On  tenant  farms  the  average  receipts  were  $1,340 
(Table  15).  It  will  be  remembered  that  the  total  capital  on  tenant 
farms  is  greater  than  on  farms  operated  by  owners.  The  tenant  farmers 
are  doing  a  little  larger  business  than  the  average  owner. 

Distribution  of  receipts.  A  little  over  one-third  of  the  receipts 
on  these  farms  comes  from  crops.  Half  of  the  receipts  come  from  the 
sales  of  stock  and  stock  products. 
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TABLE  15.    Distribution  of  Receipts.    615  Farms  Operated  by  Owners,  154 
Farms  Operated  by  Tenants. 


Operated  by  Owners. 

Operated  by  Tenants. 

Sources. 

Amount 
received. 

Per  cent 
of  total. 

Amount 
received. 

Per  cent 
of  total. 

Orops 

$399 
144 

466 

92 

45 

35% 
12 

'I 

4 

$446 

125 

558 

158 

53 

33% 
9 
42 
12 

4 

Stocki   

Stock  oroducts 

Increase  of  inventory* 

L^bor  

Total 

$1 , 146 

100% 

$1,340 

100% 

^Stock  represents  the  net  sales  of  stock,  that  is  the  amount  .received  from  stock  sold 
above  the  amount  paid  for  stock  purchased. 

^Increase  of  inventory  is  the  average  net  increase. 


Crops: 

Hay 

Potatoes 

Buckwheat . 

Wheat 

Apples 

Oats 

Other  crops . 


TABLE  16.    Distribution  of  Receipts. 
615  Farms  Operated  by  Owners. 


Per  cent  of 
total  receipts. 


8 
3 
3 

2 
2 

3 


Stock: 

Calves 

Other  cattle 

Hogs  and  pigs . .  ^ 
Sheep  and  lambs. 
Horses  and  colts . 
Poultry 


35% 


Stock  products: 

Market  milk .  .  . 
Creamery  milk . 

.  Retail  milk 

Butter 

Wool . . ! ! . .  .* ! .' '. 


12 


12 
12 
4 
5 
7 
I 


Increase  of  inventory. 
Labor ; 


41 

8 
4 


Total. 


Other  receipts  amounted  to  less  than  i  per  cent  of  the  total. 
Profits  related  to  distribution  of  receipts.     On   the   more   profitable 
farms  a  larger  proportion  of  the  receipts  come  from  crops  thaji  on  the 
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less  profitable  ones,  as  shown  by  Table  19;  but  the  difference  between 
the  profits  seems  to  be  more  in  the  size  of  the  business  than  in  its 
character. 

The  tables  for  tenant  farms  are  not  here  published,  but  they  show 
the  same  relationship.  The  most  profitable  farms  were  selling  about 
the  same  kind  of  products  as  the  others,  but  were  selling  more  of  them. 

TABLE  17.    Distribution  of  Tenants'  and  Landlords*  Receipts. 
154  Farms  Operated  by   Tenants. 


Tenant's  Receipts. 

Landlord's  Receipts. 

Sources. 

Amount 
received. 

Per  cent 
of  total. 

Amount 
received. 

Per  cent 
of  totaL 

Crops 

$260 

335 

115 

53 

31% 
8 

41 

1 

$186 

60 

223 

43 

34% 
1 1 

Stock* 

Stock  products 

'I 

Increase  of  inventory* 

Labor 

Cash  rent 

34 

6 

Total* 

$828 

100% 

$546 

100^ 

*  Stock  represents  the  net  sales  of  stock,  that  is  the  amount  received  from  stock  sold 
above  the  amount  paid  for  the  stock  purchased. 

*  Increase  of  inventory  is  the  average  net  increase. 

*  The  sum  of  the  landlords'  and  the  tenants'  average  receipts  is  not  equal  to  the 
average  receipts  on  farms  operated  by  tenants  (table^iO  because  there  are  more  land- 
lords than  tenants  and  because  cash  rent  was  not  included  in  table  15. 

Receipts  per  acre  and  expenses  per  acre.  From  Table  20  it  will 
be  seen  that  the  most  profitable  farms  have  more  expense  than  the 
less  profitable,  but  have  nearly  the  same  expenses  per  acre.  Without 
much  greater  expense  per  acre  they  are  able  to  get  nearly  four  times 
the  receipts  per  acre.  In  addition,  the  farms  are  twice  as  large,  so  that 
the  greater  profits  are  due  both  to  more  receipts  per  acre  and  to  greater 
acreage. 

When  the  acreage  is  doubled  there  are  many  expenses  that  are  not 
increased  or  that  are  only  slightly  increased.  If  the  expenses  remain 
the  same  per  acre,  it  means  that  there  is  really  more  money  available 
for  other  purposes.  It  is  much  harder  to  run  an  8o-acre  farm  with 
$300  expense  than  it  is  to  run  a  160-acre  farm  with  $600  expense. 
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TABLE  18.    Profits  Related  to  Distribution  of  Receipts. 
615  Farms  Operated  by  Owners. 


Labor  Income. 

Number 

of 
farms. 

Crops. 

Net 
sales 
stock. 

Stork 
products. 

Net 
in- 
crease 
in- 
ventory. 

Labor. 

Total. 

-  $200  or  less 

-199-       0 

I-    200 

201-    400 

401-    600 

601-    800 

801-1,000 

1,001-1,500 

Over    1,500 

18 

62 

132 

146 

no 

58 

32 

32 

25 

$344 
141 
160 
266 

458 

907 
1.230 

$85 
103 
107 
103 
144 
223 
190 
172 
446 

$362 
213 
246 
382 

444 
522 

888 
1.699 

11 

46 
90 

74 

89 

103 

209 

543 

$3 
32 
34 
24 
42 
42 
68 

103 
203 

11 

865 
1,162 
1.529 
1,964 
2,279 
4,121 

Average,  all  farms 

615 

$399 

I144 

$466 

$92 

$45 

$1 . 146 

TABLE  19.    Profits  Related  to  Distribution  of  Receipts. 
615  Farms  Operated  by  Owners. 


Number 

of 

farms. 

Per  Cent 

OF  Receipts  From: 

Labor  Income. 

Crops. 

Net 
sales 
stock. 

Stock 
products. 

Net 

in- 
crease 

in-   • 
ventory. 

Labor. 

$200  or  less 

212 
256 

147 

27% 

33 

35 

21% 
16 

13 

38% 
38 

9% 
10 
10 

5% 

3 

4 

201-^00 

Over6oo 

It  is  apparent  that  the  greater  profits  do  not  come  from  reduced 
expenses.  They  come  from  spending  more  but  spending  more  efficiently. 
A  larger  acreage  seems  to  be  necessary  if  one  is  to  spend  to  the  best 
advantage. 

EXPENSES 

Average  expenses.  The  average  expenses  per  farm  operated  by 
owners  were  $389  and  per  tenant  farm  $430.  These  do  not  include  the 
value  of  labor  by  the  farmer  or  by  members  of  his  family.  On  farms 
operated  by  owners  the  expenses  were  7  per  cent  of  the  average  capital. 
The  average  expenses  per  acre  were  $3.78  (Table  21). 
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TABLE    20.    Labor  Income  Related  to  Receipts  and  Expenses. 
615  Farms  Operated  by  Owners. 


Xabor  Income. 


Number 

of 
farms. 


Average 

number 

of 


Total 

re- 
ceipts. 


Re- 
ceipts 

per 
acre. 


Total 
ex- 
penses.* 


Ex- 
penses 
per 
acre. 


-$200  or  less . 

-  199-        o. 

I-    200. 

201-    400. 

401-    600. 

601-    800. 

801-1,000. 
1,001-1,500. 
Over    1,500. 

Average . 


18 

62 

132 

146 

no 

58 

32 

32 

25 


137 
87 
85 
90 

105 
105 
136 

153 
176 


J843 

483 

593 

865 

1,162 

1.529 
1,964 
2,279 
4,121 


$6 

5 
6 

9 
II 

14 
14 
14 
23 


«6i2 
292 
227 
311 
343 
430 
629 

590 
1.332 


*4  47 
3  36 


67 
46 

27 
10 

63 
86 

57 


615 


103 


$1,146 


*il   13 


I389 


$3   78 


*  Total  expenses  do  not  include  the  value  of  the  labor  of  the  farmer  and  of  members 
of  his  family. 

Distribution  of  expenses.  A  little  over  one-fourth  of  the  total  ex- 
pense is  for  labor,  and  9  per  cent  is  the  value  of  board  of  laborers. 
Purchased  feed  constitutes  about  one-fifth  of  the  expense.  There  seems 
to  be  no  striking  difference  in  the  way  the  money  is  spent  on  tenant 
farms  and  on  farms  operated  by  owners. 

TABLE  21.    Distribution  of  Expenses.    615  Farms  Operated  by  Owners, 
154  Farms  Operated  by  Tenants.  . 


, 

Operated  by  Owners. 

Operated  by  Tenants. 

Itbms.^ 

Amount 
spent. 

Per  cent 
of  total. 

Amount 
spent. 

Per  cent 
of  total. 

Labor 

$112 

35 
21 

5 
74 
15 
27 
38 
14 
48 

29% 
9 
5 

I 

19 

4 

7 
10 

4 
12 

$111 
44 
23 
9 
S7 
16 

34 
44 
10 

52 

26<rc 

Board  of  laborers 

10 

Seeds 

6 

Hay...' 

2 

Feed 

20 

Fertilizer 

A 

Machinery  and  repairs 

Buildings  and  repairs 

Fences 

8 
10 

2 

Miscellaneous 

12 

Total 

I389 

100% 

*430 

100% 

>  Expense  for  stock  purchased  is  not  included  because  it  was  deducted  from  sales  of 
stodc.  Decrease  of  inventory  is  not  induded  because  it  was  deducted-from  increase  of 
nventory  to  get  the  net  increase.  Digitized  by  vjOOQ IC 
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TABLE  22.    Distribution  of  Tenants'  and  Landlords*  Expenses. 
154  Farms  Operated  by  Tenants. 


lTBlf3.^ 


Tenant's  Expenses. 


Amount 
spent. 


Per  cent 
of  total. 


Landlord's  Expenses. 


Amount 
spent. 


Per  cent 
of  total. 


Labor 

Board  of  laborers 

Seeds 

Hay 

Feed 

Fertilizers 

Machinery  and  repairs 
Buildings  and  repairs . . 

Fences 

Miscellaneous 

Rent 

Total « 


$110 

43 
6 

7 
52 

9 
31 

I 

I 

39 

34 


33% 
13 

2 
2 
16 
3 
9 


12 
10 


I333 


100% 


$1 
I 

17 

2 

35 
7 
3 

43 
9 

13 


1% 
I 

13 

I 
27 

5 
2 

33 

7 

10 


$131 


100% 


*  Expense  for  stock  purchased  and  the  decrease  of  inventory  are  not  included, 
because  they  were  deducted  in  getting  net  sales  of  stock  and  net  increase  of  inventory. 

^  The  sum  of  the  landlords'  and  the  tenants'  average  expenses  is  not  equal  to  the 
average  expenses  on  farms  operated  by  tenants  (table  21),  because  there  are  more 
landlords  than  tenants,  and  because  cash  rent  was  not  included  in  table  21. 

The  total  expense  is  nearly  equal  to  the  value  of  the  family  labor. 
The  average  value  of  the  owner's  work  was  estimated  at  $326,  and  the 
value  of  other  unpaid  labor  was  $58,  a  total  of  $384. 

Profits  related  to  distribution  of  expenses.  Table  23  shows  the  ways 
in  which  the  money  was  spent  on  the  profitable  and  the  unprofitable 
farms.  The  best  paying  farms  spent  more  money  but  seemed  to  dis- 
tribute the  expense  among  the  different  items  in  about  the  same  pro- 
portion. 

SIZE  OF  FARMS 

Average  size.  The  average  size  of  farms  in  the  county  is  107  acres. 
The  average  as  given  in  the  1900  census  is  87  acres.  The  difference 
is  due  chiefly  to  the  inclusion  in  the  census  of  a  large  number  of  small 
places  where  some  land  is  connected  with  the  home  and  a  few  products 
raised,  chiefly  for  home  use.  A  part  of  the  difference  is  due  also  to 
the  fact  that  the  farms  are  becoming  larger  year  by  year. 
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Township. 


Acres. 


Ithaca 

Dryden 

Dauby 

Lajising 

Groton 

Caroline 

Ulysses 

Enfield 

Mewheld ... 

Average 


103 
106 

105 

lOI 

88 
148 

95 
104 

113 


107 


Sixty  per  cent  of  the  farms  operated  by  owners  are  smaller  than 
100  acres.  The  tenant  farms  are  considerably  larger.  Apparently  there 
is  not  enough  to  divide  on  a  small  farm  (Table  25). 


TABLE  25.  Variation  in  Size  of  Farms. 


Area  in  Acres. 


Operated  by  Owners. 


Number  of 
farms. 


Per  cent 

of  the  total 

number. 


Operated  by  Tenants. 


Number  of 
farms. 


Per  cent 

of  the  total 

number. 


30  or  less 

.31-  60 

61-100 

101-150 

151-200 

Over  200 

Total. 


30 

108 

214 

143 

57 

34 


5% 
18 

37 

24 

10 

6 


2 
6 
50 
64 
21 
II 


1% 

4 
32 
42 
14 

7 


586 


100% 


154 


100% 


Average  area  of  farms  operated  by  owners  103  acres. 
Average  area  of  farms  operated  by  tenants  127  acres. 
Average  tillable  area  of  farms  operated  by  owners  72  acres. 
Average  tillable  area  of  farms  operated  by  tenants  87  acres. 

Distribution  of  acreage.  Seventy  per  cent  of  the  farm  land  in  the 
four  townships  is  tillable.  The  use  made  of  this  land  will  be  given 
under  crops  (page  443).  Fourteen  per  cent  of  the  area  is  in  woods. 
Much  of  this  area  is  also  pastured.  Sixteen  per  cent  is  in  pasture. 
Three  per  cent  is  in  waste  land  (Table  26). 
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TABLB  26.  Tillable  and  Waste  Acreage,  and  Acreage  in  Woods  and  Pastctkb 

982  Farms. 


Township. 

Number 
of  farms. 

Average 

size 

(acres). 

Tillable 
area. 

Woodland. 

Pasture.! 

r 

Waste 
land. 

Ithaca 

Dryden 

Danby 

Lansing 

135 
365 
209 

273 

103 
106 

105 

lOI 

76 
76 

II 

14 
20 
II 

16 
19 
17 
II 

2 
3 
3 

4 

Average. . . 

104 

73 

14 

16 

3 

!  Most  of  the  pasture  is  not  tillable,  but  some  tillable  land  is  included.     Some  of  the 
acreage  reported  as  woodland  is  also  pastured. 

The  amount  of  woodland  is  much  greater  in  the  townships  of  Danby, 
Caroline  and  Newfield.  Nearly  one-fifth  of  the  land  in  Danby  is  in 
woods,  and  only  63  per  cent  of  the  area  is  tillable.  Even  this  is  too 
high  in  comparison  with  Lansing,  as  considerable  land  in  Lansing  that 
is  classed  as  not  tillable  is  no  worse  than  some  in  Danby  that  is  tilled. 
jMuch  of  the  tilled  area  in  the  southern  townships  ought  to  be  in  perma- 
nent pasture  or  in  woods. 

The  distribution  of  acreage  is  practically  the  same  on  tenant  farms 
as  on  farms  operated  by  owners. 

Size  of  farm  related  to  profits.  The  average  owner  with  less  than 
61  acres  made  considerably  less  than  hired  men  received.  The  average 
farmer  with  61-100  acres  made  about  the  same  as  hired  men.  Those 
with  over  100  acres  averaged  much  better  than  farm  wages  (Table  2^^, 

TABLE  27.  Size  of  Farm  Related  to  Profits,  586  Farms  Operated  by  Owners. 


Acres. 


Number 
of  farms. 


Average 
size 

(acres). 


Labor 
income. 


30  or  less. . 

31-  60. 

61-100. 

101-150. 

151-200. 

Over  200 . 


Average . 


30 
108 
214 

143 
57 
34 


49 

83 

124 

177 
261 


103 


I16S 
254 
373 
436 
635 
946 


>4i5 
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The  tenants  on  the  larger  farms  also  make  considerably  more  than 
those  on  small  farms.  The  size  of  farm  does  not  seem  to  affect  the 
landlord's  profit  (Table  30). 
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Fig.  153. — The  large  farms  pay  better  than  the  smaller  ones, 

Th^re  is  much  discussion  about  farms  being  too  large.  Many  per- 
sons who  are  not  engaged  in  farming,  and  some  farmers,  believe  that 
smaller  farms  better  tilled  will  bring  greater  profits.  All  the  figures 
that  we  have  secured  in  this  county  as  well  as  figures  secured  from  five 
townships  in  Livingston  county,  show  that  the  larger  farms  are  much 
more  prosperous.  The  fact  that  there  are  not  nearly  so  many  farms  as 
formerly  shows  the  change  in  farming  to  meet  the  conditions  that  call 
for  larger  farms.  This  movement  is  the  cause  of  the  empty  farm  houses 
in  parts  of  the  State. 

The  fundamental  cause  for  this  change  is  the  change  from  hand 
labor  to  the  use  of  machinery.  It  seems,  therefore,  that  larger  farms 
are  likely  to  be  a  permanent  necessity  so  long  as  the  present  type  of 
farming  continues.  Since  more  and  more  machinery  is  being  used  it  is  to 
be  expected  that  farms  will  continue  to  increase  in  size  for  some  time. 
This  does  not  mean  that  large  "  bonanza "  farms  are  to  develop. 
We  have  no  figures  for  such  farms  as  none  of  them  exist  in  this  county. 
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The  group  of  largest  farms  averages  only  261  acres.  All  the  farms 
are  the  typical  American  "  family-farm/'  on  which  the  farmer  and  his 
family  do  the  major  part  of  the  farm  work.  Even  on  the  farms  con- 
taining over  200  acres  the  family  does  half  of  the  farm  work.  These 
figures  may,  therefore,  be  taken  as  suggesting  the  most  profitable  size 
for  a  family- farm.  The  larger  farms  seem  to  be  better  than  the  smaller 
ones  for  this  purpose. 

These  figures  do  not  throw  any  light  on  the  desirability  of  the  very 
large  farm  on  which  the  farmer  is  so  busy  managing  that  he  does  not 
do  any  manual  labor.  From  observation  the  writers  are  of  the  opinion 
that  such  farms  have  many  serious  obstacles  in  their  way.  They  are 
not  likely  to  be  able  to  handle  labor  effectively.  The  farmer  who  works 
with  his  men  and  directs  them  as  he  works,  and  who  treats  his  hired 
men  as  equals,  has  a  great  advantage. 

There  can  be  no  question  but  that  the  larger  farms  are  paying  bet- 
ter. But  some  persons  may  say  that  the  difference  is  due  not  to  the 
size  of  the  farm,  but  to  the  farmer,  and  that  the  better  farmers  live  on 
the  larger  farms.  If  small  farms  are  the  best  size,  it  would  seem  as 
if  the  more  intelligent  farmers  would  choose  them.  If  the  more  in- 
telligent men  all  choose  large  farms,  there  must  be  some  reason  for 
it.  Certainly  there  must  be  some  good  farmers  living  on  small  farms. 
If  the  small  farm  offers  the  best  opportunities,  these  farmers  should 
be  doing  exceedingly  well. 

TABLE  28.  Variation  in  Profits  with  DiFFERjsnn-  Sizes  of  Farms. 
586  Farms  Operated  by  Owners. 


Per  cent  of  Farms  of  Each  Size  Making  Labor  Incomes 
AS  Designated. 

'"Acres. 

— ^$200 

or 
less. 

—$199 
too. 

ti  to 
1200. 

$201 

to 

$400. 

$401 

to 

I600. 

$601 

to 

$800. 

$801 

to 

$1,000. 

$1,001 

to 
$1,500. 

Over 
$1,500. 

30  or  less 

.  31-^ 

61-100 

101-150 

151-200 

Over  200 

7% 

2 
2 

5 
2 
6 

10% 
II 
II 
II 

5 

3 

40% 

33 

23 

15 

14 

14 

33% 
29 

23 

22 

21 

6 

10% 

16 

20 

20 

19 

15 

0% 

7 
13 

9 

4 
12 

0% 

I 

4 
6 

7 
12 

0% 

I 

2 

8 
16 
12 

0% 
0 

2 

4 
12 
20 
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TABLE  29.    Size  of  Farm  RELAtED  to  Profits. 


Acres. 


Number 
of  farms. 


Per  cent  of 

the  farmers 

making  labor 

incomes  of 

less  than 

$401. 


Per  cent  of 
the  farmers 
making  labor 

incomes  of 
over  |i, 000. 


30  or  less 
31-  60.. 
61-100.. 

101-150. . 

151-200.. 
Over  200. 


30 
108 
214 

143 
57 
34 


90% 

75 

59 

53 

42 

29 


0% 

I 

4 
12 
28 
32 


TABLE  30.    Size  of  Farm  Related  to  Tenants'  Labor  Income  and  Landlords* 
Per  cent.    154  Farms  Operated  by  Tenants. 


Acres. 

Number 
of  farms. 

Tenant's 
labor  income. 

Landlord's 
per  cent. 

100  or  less* 

58 
64 
21 
II 

I381 
359 
430 
650 

.      7.6% 

9  3 
8.0 

101-150 

151-200 

Over  200 

70 

• 

^  There  were  only  eight  farms  of  less  than  sixty-one  acres, 
with  the  group  of  100  acres  or  less. 


These  are  all  included 


Of  138  farmers  on  farms  of  less  than  61  acres,  only  10  made  a 
labor  income  as  high  as  $600.  Of  234  farmers  with  over  100  acres, 
79  made  over  $600. 

Of  138  farmers  on  farms  of  less  than  61  acres,  only  one  man  made 
a  labor  income  of  $1,000.  Of  34  farmers  on  farms  of  over  zoo  acres, 
II  made  over  $1,000  labor  income. 

Why  the  largest  farms  are  most  profitable.  Small  farms  have  many 
disadvantages.  A  large  part  of  the  farm'  work  cannot  be  done  econom- 
ically without  at  least  two  men.  Many  of  the  smaller  farms  do  not 
have  enough  work  to  keep  a  hired  man  profitably  employed.  The  cost  of 
labor  per  acre  is  excessive  on  small  farms,  also  the  cost  of  horse  labor. 
The  cost  of  producing  crops  on  the  small  farms  is  also  increased  because 
of  the  lack  of  machinery. 

Labor  cost  and  size  of  farm.  The  receipts  per  acre  are  more  on 
small  farms  than  on  the  larger  ones,  but  the  single  item  of  labor  cost 
14 
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is  so  great  that  it  more  than  offsets  the  difference  in  receipts.  '   Other 
expenses  are  also  more  per  acre  on  the  small  farms. 

TABLE  31.    Size  of  Farm  Related  to  Receipts,  Expenses,  and  Labor. 
Farms  Operated  by  Owners. 


Acres. 


Receipts 

Other 

Average 

Receipts 

cost 

minus 

expenses 

size 

per 

labor 

and 

(acres). 

acre. 

per 
acre.* 

per 
acre. 

interest 
per  acre. 

21 

$26  14 

*I9  90 

$6  24 

I13  76 

49 

14  24 

8  10 

6  14 

7  61 

83 

12  49 

560 

6  89 

632 

124 

II  56 

4  54 

7  02 

6  13 

177 

10  89 

3  92 

6  97 

5  22 

261 

10  93 

3  33 

760 

5  22 

Net 

profit 

per  acre.* 


30  or  less 
31-  60.. 
61-100. . 

101-150. . 

151--200. . 
Over  200. . 


loss  $7  52 


loss 
gain 
gain 
gain 
gain 


47 
57 
S9 
75 
3« 


*  Total  amount  paid  for  labor,  value  of  board  of  laborers,  value  of  unpaid  labor  by 
'  members  of  the  family,  and  the  farmer's  labor  estimated  at  $326  for  the  year. 

*  Profit  after  deducting  expenses,  interest  on  capital  at  5%,  and  all  labor  as  defined 
above. 

TABLE  32.    Size  of  Farm  Related  to  Labor.    586  Farms  Operated  by  Owners. 


Acres. 


Area  farmed  per 

$100  worth  of 

labor.* 


30  or  less 
31-  60.. 
61-100. . 

101-150.. 

151-200. . 
Over  200. . 


5  acres. 
12  acres. 
18  acres. 
22  acres. 
26  acres. 
30  acres. 


^  Total  labor  cost  includes  wages  paid,  board  of  laborers,  value  of  unpaid  labor  by 
members  of  the  family,  and  $326  for  the  labor  of  the  farmer. 

If  the  farmer's  labor  is  worth  $326,  which  is  the  average  value 
placed  on  it  by  the  fanners,  then  there  is  a  net  loss  of  $1.47  per  acre 
on  farms  of  31-60  acres,  and  a  gain  on  the  larger  farms  (Table  31). 

The  area  that  is  farmed  with  $100  worth  of  labor  is  six  times  as 
great  on  the  largest  farms  as  on  the  smallest  (Table  32).  Six  times  as 
much  labor  increases  the  receipts  by  only  two  and  one-half  times.  With 
each  group  of  farms,  the  farmer's  labor  income  is  about  twice  the  value 
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of  the  labor  that  he  directs,  that  is,  twice  the  value  of  all  labor  except 
his  own  (Table  35). 


20 
/5 
fO 

5 

O 

-5 
-10 


^fO 


Recivp/B 


A^r  /ggg//7!L^!il^Sgg. 


m/nus  /i?/f^r  per  acre 


S40 


eao 


so  y^o        /eo        soo 

O/ze   or  /vrm  -^  Acres 

Fia  154. — The  receipts  per  acre  are  larger  on  the  smaller  farms  hut  the 
higher  labor  cost  consumes  the  extra  profits.  Other  cost  factors  are 
also  larger  so  that  the  net  profit  is  less  on  the  small  farms. 

Number  of  horses  and  size  of  farms.  Table  33  shows  how  the 
number  of  horses  increases  with  the  size  of  farm.  Colts  are  not  in- 
cluded with  horses.  The  figures  are  for  horses  old  enough  to  work. 
The  farms  of  less  than  30  acres  average  1.4  horses  per  farm.  Three 
or  four  horses  are  the  smallest  number  that  can  be  used  efficiently  with 
modem  machinery.  The  farms  of  151  to  200  acres  are  the  smallest 
ones  that  have  an  average  of  four  horses  per  farm. 

Table  33.    Size  of  Farm  Related  to  Horses.    586  Farms  Operated  by  Owners 


Acres. 


Average 

size 
(acres). 


Average 

number 

of  horses. 


Acres 

per 

horse. 


30  or  less. . 

31-  60... 

61-100. . . 

101-150. . . 

151-200. . . 

Over  200. . . 

Average 


21 

49 

83 

124 

177 
261 


15 
21 

30 
37 
41 
49 


103 


31 


33 
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The  figures  of  acres  per  horse  are  still  more  striking.  The  small 
farms  have  not  enough  horses  to  make  efficient  teams  and  yet  they  are 
over-supplied  with  horses  compared  with  their  area.  On  these  farms 
there  are  only  15  acres  per  horse.  On  the  largest  farms,  one  horse 
farms  three  times  this  area,  with  no  resulting  decrease  in  crop  yields 
(Table  38).  When  we  consider  the  cost  of  keeping  a  horse  we  see 
what  a  great  advantage  the  larger  farms  have. 

The  substitution  of  horse  power  for  man  power  is  the  most  striking 
feature  of  American  agriculture.  One  horse  properly  directed  can  do 
the  work  of  ten  men.  According  to  the  United  States  Census*,  the 
area  farmed  per  man  has  increased  one-third  in  the  past  twenty  years. 
This  increase  has  been  due  to  the  use  of  more  horses  per  team.  The 
area  farmed  per  horse  has  not  changed,  but  the  farmer  is  using  one-third 
more  horses  per  man  and  has  increased  the  acreage  that  he  could  farm 
in  the  same  ratio.  At  the  same  time  the  crop  yields  of  the  country 
have  increased. 

The  most  striking  examples  of  the  use  of  four  to  six  horse  teams  is 
in  the  Middle  West.  In  some  cases,  as  in  Iowa,  this  has  resulted  in 
a  decrease  in  rural  population.  At  the  same  time  total  production  has 
increased.  One  man  is  often  farming  as  much  land  as  two  men  farmed 
a  few  years  ago  and  doing  it  better. 

The  farmers  of  Tompkins  county  are  farming  more  acres  per  man 
than  formerly,  and  have  been  increasing  the  size  of  farms  to  meet  the 
situation.  Apparently  both  the  farmers  and  the  State  will  be  better  off 
when  they  carry  the  matter  farther.  Corn  and  potatoes  are  yet  cul- 
tivated with  one  horse;  two-horse  teams  may  well  replace  the  one 
horse.  All  ordinary  farm  work  is  commonly  done  with  two  horses, 
although  three  horses  are  used  by  a  considerable  number  of  men.  Plow- 
ing, harrowing,  and  many  other  operations  can  be  done  much  more 
economically  with  three-  or  four-horse  teams.  A  few  farmers  are  now 
using  four-horse  teams,  but  the  number  is  yet  very  small,  less  than  one 
in  a  hundred. 

Farm  machinery  and  size  of  farm.  The  value  of  farm  machinery 
increases  rapidly  with  the  size  of  the  farm.  This  value  is  only  $34^ 
for  farms  of  61-100  acres.  These  valuations  are  probably  not  over  half 
what  new  machinery  would  cost.  Any  one  who  has  ever  made  a  list 
of  the  necessary  farm  machinery  will   see  at  once  how  inadequately 


*  Twelfth  Census  of  the  United  States,  Vol.  V,  Part  i,  p.  xxxi. 
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these  small  farms  are  equipped.  Yet  their  machinery  costs  nearly  twice 
as  much  per  acre  as  that  on  the  larger  farms  that  have  nearly  three  times 
as  much  machinery.  Machinery  can  be  used  more  effectively  on  large 
farms.  One  mower,  one  hay  rake,  one  tedder,  one  hay  loader,  one  corn 
harvester,  one  grain  harvester,  one  grain  drill,  one  mariure  spreader,  one 
potato  digger,  one  potato  planter,  can  do  their  work  on  a  250  acre  farm 
as  readily  as  on  a  small  farm.  Few  of  the  small  farms  have  half  of 
these  tools.  If  a  small  farm  does  have  nearly  all  the  list,  it  cannot  use 
them  enough  to  pay  for  the  investment.  The  more  efficient  and  numerous 
machines  become,  the  larger  our  farms  should  be.  It  is  interesting  to 
notice  how  many  of  the  tools  are  of  very  recent  development.  Almost 
half  of  the  value  of  farm  machinery  on  a  well-equipped  farm  is  invested 
in  machinery  that  has  been  perfected  in  the  last  few  years. 

TABLB  34.   Size  of  Farm  Related  to  Machinery  and  Tools.  586  Farms  Operated 

BY  Owners. 


Acres. 


Acres 

farmed  with 

Average 

Value  of 

$100  worth 

size 

machinery 

of  machin- 

(acres). 

and  tools. 

ery  and 
tools. 

21 

$125 

17 

49 

243 

20 

83 

341 

24 

124 

495 

25 

177 

592 

30 

261 

914 

29 

103 

$407 

25 

30  or  less. 

31-  60... 

61-100. . . 

101-150. . . 

151-200. .. 

Over  200. . . 

Average 


In  each  of  the  groups  the  farmer's  labor  income  is  almost  the  same 
as  the  value  of  his  machinery. 

Apparently  the  efficiency  with  which  the  labor  of  men,  teams  and 
tools  can  be  used  is  the  important  factor  in  making  the  larger  farms 
pay  better.  The  results  on  tenant  farms  also  agree  with  these  conclu- 
sions. The  tenant  who  furnishes  labor  finds  the  larger  farms  more 
profitable.  The  profits  of  the  landlord  who  furnishes  no  labor  seem  to 
be  little  affected  by  the  size  of  the  farm  (Table  30). 

Size  of  farm  and  profits  related  to  distribution  of  capital.  The  per- 
centage distribution  of  capital  is  almost  the  same  on  each  size  of  farm. 
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Xhe  larger  farms  have  a  little  larger  proportion  of  their  money  invested 
in  stock.  The  smaller  ones  have  a  little  larger  proportion  in  real  estate. 
The  land  is  worth  more  per  acre  on  the  smaller  farms,  but  the 
amount  invested  in  horses,  machinery  and  other  items  is  also  more 
per  acre,  so  that  the  percentage  of  the  capital  in  each  item  is  not  much 
different  from  that  on  large  farms  (Table  36). 

TABLE  36.    Distribution  of  Capital  of  Farms  of  Different  Areas, 
Farms  Operated  by  Owners. 


Area  (acres). 


Per  cent 

in 

real 

estate. 


Per  cent 
in  ma- 
chinery 
and 
tools. 


Percent 

in 
stock. 


Per  cent 
in  feed. 


Percent 

in 
produce. 


Percent 

in 

cash. 


30  or  less 
31-  60.. 
61-100. . 

101-150. . 

151-200. . 
Over  200. . 


79% 

74 

74 

73 

73 

72 


5% 
7 
7 
8 

7 
8 


12% 

15 

15 

15 

16 

16 


2% 

2 
2 
2 
2 
2 


1% 

I 
I 
I 
I 


2% 


TABLE  37. 


Relation  of  Profits  to  Distribution  of  Capital  on  Farms  of 
Different  Sizes.  Operated  by  Owners 


lAbor 
incoiiiie* 

Average 
capital. 

Distribution  of  Capital. 

ACRBS. 

Percent 
in  real 
estate. 

Per  cent  in 
machinery 
and  tools. 

Per  cent 

in 

stock. 

Per  cent 

in 

feed. 

Per  cent 

in 
produce. 

Per  cent 

in 

cash. 

30orkM 

31-^ 

f  $200  or  le88. . 

\    aoiH3oo 

i  Over  600 

r    300  or  less. . 

aoiHSoo 

[  Over  600 

f    aooorless.. 

\    301-600 

I  Over  600 

f    300  or  kss.. 

20IH3O0 

I  Over  600 

300  or  less. . 

201-600 

Over  600 

f    300  or  less. . 

301-600 

I  Over  600 

|3,3I3 

3,6x5 
3.347 

4.304 
4.401 
S.Saa 

6.336 

6,113 
8.367 

7.436 
7.870 
9.490 

Hi? 

14.098 

% 
79 
79 

75 
71 
79 

76 
73 
71 

74 
74 
7a 

74 
73 
72 

71 
73 
73 

% 

11 
10 

% 
II 
13 

14 
17 
13 

\l 

16 

14 
15 
15 

13 

17 
17 

14 

% 

% 

% 

61*100 

101-150 

151-aoo 

Over  aoo 

Digitized  by  VjOOQIC 


424 


Bulletin  295 


Some  persons  have  thought  that  farmers  would  do  better  if  they 
reduced  the  size  of  the  farms  and  increased  the  equipment.  They  for- 
get that  the  equipment  and  teams  will  tlien  not  be  used  to  their  full 
capacity. 

On  the  farms  in  this  county,  the  percent  invested  in  equipment 
is  slightly  larger  on  large  farms  than  on  small  ones. 

We  have  already  seen  that  the  per  cent  of  the  capital  invested 
in  each  item  was  nearly  the  same  on  the  more  profitable  farms  as  on 
the  less  profitable  ones  (page  405).  It  also  appears  that  when  we  con- 
sider farms  of  any  given  size,  the  best  paying  ones  have  practically  the 
same  distribution  of  capital  as  the  less  profitable  ones  (Table  37).  Re- 
ducing the  size  of  farm  to  increase  equipment  is  not  the  way  that  the 
most  successful  farmers  have  followed.  They  have  increased  both  the 
equipment  and  the  size  of  farm. 

Of  farm^  of  a  given  area,  the  more  profitable  ones  have  the  greater 
capital,  but  this  is  not  all  invested  in  equipment.    The  distributicHi  of 
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Fig.  iss.—Showing  the  better  use  of  machinery,  horses  and  labor  on  the 

larger  farms. 

the  capital  is  nearly  the  same  as  on  the  less  profitable  farms.  The  addi- 
tional investment  is  uniformly  distributed  in  more  valuable  land  and 
better  equipment  (Table  37). 
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Crop  yields  and  size  of  farm.  The  city  man  and  the  political  econo- 
mist at  once  ask  what  effect  the  larger  farms  have  on  the  food  pro- 
duction of  the  country.  Apparently  the  crop  yields  are  as  good  or  a  little 
better  on  the  large  farms  than  on  the  small  ones,  with  the  exception  of 
hay,  which  seems  to  yield  a  little  better  on  the  smaller  farms  (Tables 
38  and  39).  Certainly  the  small  farms  are  not  producing  more  per  acre. 
In  addition,  much  more  of  the  food  is  consumed  in  the  production, 
since  more  horses  are  kept  per  acre.  The  smaller  farms  seem  to  be  too 
small  for  the  best  production  from  the  standpoint  of  the  city,  as  well 
as  from  the  standpoint  of  the  farmer.     See  also  page  527. 


TABLE  38.    Size  of  Farm  Related  to  Crop  Yields. 

Owners. 


586  Farms  Operated  by 


Acres. 


30  or  less 
31-  60.. 
61-100. . 

101-150. . 

151-200. . 
Over  200. . 


Average 

size 
(acres). 


21 

49 

83 

124 

177 
261 


Yields  per  acre. 


Oats. 


Bushels. 
35 
32 
32 
34 
32 
35 


Potatoes. 


Bushels. 

117 
III 
119 
114 
127 
"3 


Hay. 


Tons. 

I 
I 

I 
I 
I 
I 


•38 
•36 
.33 
■35 
•24 
•24 


TABLE  39.     Size  of  Farm  Related  to  Crop  Yields. 

Caroline  Townships. 


All  Farms,  Groton  and 


Acres. 

Average 

size 
(acres). 

Com. 

Wheat. 

Oats. 

Buck 
wheat. 

Pota- 
toes. 

Hay. 

Less  than  50  acres. . 

51-100  acres 

Over  100  acres 

8 

157 

Bushels. 
32.5 
34.3 
36.8 

Bushels. 
18.4 
19.0 
17.8 

Bushels. 
28.3 
30.6 
33.6 

Bushels. 
22.3 

19.3 
22.2 

Bushels. 
no. 7 

104.3 
no. I 

Tons. 

1.37 
1.26 
1.25 

General  conclusions  on  the  size  of  farm.  Many  farmers  have  enlarged 
their  farms  by  purchasing  additional  land.  Many  others  might  well  fol- 
low their  example.  A  considerable  number  of  farmers  are  not  in  debt 
and  some  also  have  money  available.  These  persons  should  study  the 
question  of  how  well  their  horses,  machinery,  and  labor  are4)eing  iised. 
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If  a  farmer  is  able  to  manage  horses  and  machinery  to  good  advantage, 
it  may  pay  him  to  go  in  debt  for  additional  land. 

In  considering  this  question  we  must  also  consider  the  probability 
of  a  continued  increase  in  the  use  of  machinery  in  the  future  that  will 
give  the  larger  farms  a  still  greater  advantage. 

Another  reason  why  it  is  desirable  to  purchase  land  in  New  York  now 
is  because  it  seems  that  farm  land  will  soon  be  much  higher  in  price. 
It  is  already  advancing. 

Sometimes  it  is  very  difficult  to  purchase  land  that  adjoins  one's 
farm.  The  line  fence  is  one  of  the  greatest  obstacles  in  the  way  of 
eastern  agriculture.  The  farms  are  not  well  laid  out,  and  it  is  often  im- 
possible to  purchase  so  as  to  make  a  farm  of  satisfactory  area  and 
shape.  It  will  sometimes  pay  to  sell  and  buy  where  a  satisfactory  area 
can  be  secured. 

Many  owners  have  enlarged  their  acreage  by  renting  additional  land. 
Of  the  owners  for  whom  a  labor  income  was  calculated,  14  per  cent  also 
rented  land.  This,  together  with  the  consolidation  of  farms  by  purchase, 
shows  how  many  men  recognize  the  importance  of  increased  acreage. 
Eighty-six  farmers  who  rented  additional  land  owned  an  average  of 
89  acres  and  rented  an  average  of  51  acres.  This  gave  them  35  acres 
more  than  the  area  operated  by  the  average  owner,  who  did  not  rent. 
Their  average  labor  income  was  $522,  which  is  $115  more  than  the 
amount  made  by  the  average  owner  who  did  not  rent  (Table  40).  This 
method  of  increasing  the  area  seems  to  be  a  very  satisfactory  one  for 
those  with  limited  capital.  After  a  few  years  it  is  often  possible  to  pur- 
chase more  land. 

TABLE  40.    Owners  Renting  Additional  Land. 


Number 
of  farms. 

Acres 
owned. 

Acres 
rented. 

Labor 
income. 

Owners  operating  their  own  farms  only 

Owners  renting  additional  land 

529 

86 

•^ 

0 
51 

$407 

S22 

Nineteen  per  cent  of  the  tenants  rent  farms  from  more  than  one  land- 
lord. Some  others  rent  two  farms  of  one  landlord,  so  that  over  one- 
fifth  of  the  tenants  operate  more  than  one  farm    (Table  107). 

Some  farmers  are  not  able  to  direct  their  own  labor  or  that  of  a  hired- 
man  effectively;  probably  the  smaller  the  business  the  better  for  such 
persons.  Some  others  do  not  wish  to  run  a  larger  business  because  they 
wish  merely  a  small  home  and  can  live  on  the  means  they  now  have. 
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These  remarks  apply  to  those  who  desire  to  run  effective  farms.  The 
larger  area  brings  increased  risk  as  well  as  increased  opportunity.  Be- 
fore buying  more  land  one  must,  consider  his  desires  and  his  ability. 


Fig.  156. — An  old  stump  fence — an  obstacle  to  the  efficient  use  of  horses  and 

machinery. 


Fig.  157. — A  useless  fence  removed.    This  allows  fields  to  be  combined  for  the 
use  of  machinery  which  means  more  efficient  farming. 

Best  size  of  farm.  For  greatest  efficiency,  a  farm  should  be  large 
enough  to  fully  employ  at  least  two  men  the  entire  year.  One  man  is  at 
a  great  disadvantage  in  many  farm  operations,  and  in  case  of  sickness 
or  other  emergencies  the  disadvantage  is  still  greater. 

For  general  farming  these  figures  show  that  a  farm  should  contain 
at  least  150  acres.    The  upper  limit  of  area  is  determined  chiefly  by  the 
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layout.  With  ideal  conditions,  with  the  buildings  in  the  center  of  the 
farm,  and  with  a  public  road  running  past  the  buildings,  as  high  as  (xy:y 
acres  may  be  run  from  one  center.  With  more  than  this  area  the  dis- 
tance of  the  fields  from  the  buildings  is  usually  too  great.  It  is  not  often 
that  one  can  secure  so  large  an  area  well  located  with  respect  to  buildings. 
The  most  profitable  general  farms  in  Tompkins  and  Livingston  counties 
contain  about  200  to  300  acres  of  good  land. 


VALUE  PER  ACRE 
Average  value.  The  average  value  per  acre  for  1,593  farms  in  the 
county  was  $42.  The  lowest  values  were  in  Caroline  township  where 
the  average  is  ^22  per  acre.  The  highest  average  was  $70  in  the  township 
of  Ithaca  (Table  41).  This  high  value  is  due  to  the  nearness  to  Ithaca 
rather  than  to  having  the  best  soil.  Lansing  and  Ulysses  have  more  of 
the  better  soils. 

TABLE  41.    Average  Value  Per  Acre. 


Township. 


Average  value 
per  acre.* 


Ithaca. . 
Dryden . 
Danby. . 
Lansing . 
Groton . . 
Caroline . 
Ulysses . , 
Enfield.. 
Newfield 


$70 
39 

38 
45 
46 
22 

59 
37 
29 


*  The  average  value  per  acre  as  here  given  is  the  average  of  the  average  values  for 
each  farm,  not  the  total  value  divided  by  total  acreage. 

A  considerable  number  of  farms  in  Caroline  and  Newfield  townships 
are  for  sale  at  about  $10  per  acre.  More  farms  in  the  county  were 
valued  at  less  than  $40  than  for  more  than  this  amount  (Table  42). 

The  tenant  farms  in  the  four  townships  of  Ithaca,  Dryden,  Danby, 
and  Lansing  averaged  $40  per  acre ;  those  operated  by  owners  averaged 
$44.  The  tenant  farms  are  a  little  larger  but  probably  have  no  more 
buildings,  hence  the  lower  value  per  acre. 

The  fact  that  the  two  figures  agree  indicates  that  the  work  is  prob- 
ably correct.  Some  persons  had  thought  that  owners  would  over- 
estimate the  value  of  their  faniis  because  of  the  fact  of  ownership. 
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The  tenants  have  no  reason  for  over-estimating  the  values  of  the  land, 
yet  give  practically  the  same  figures  as  those  given  by  the  owners. 

Value  per  acre  and  profits.  The  farm  land  that  is  valued  at  about 
$50  per  acre  seems  to  be  giving  the  largest  labor  income  (Table  42). 
Some  of  the  most  fertile  farms  are  valued  at  $50  per  Acre.  The  higher 
valuations  are  usually  due  to  location  or  to  superior  buildings.  The 
farm  income  is  largest  on  the  most  valuable  land,  but  when  five  per  cent 
of  the  additional  investment  is  subtracted  the  balance,  or  labor  income, 
is  in  favor  of  the  land  that  is  valued  at  about  $50  per  acre. 
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Fig.  158. — Good  land  but  not  the  highest  priced  land  pays  best. 
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TABLE  42.    Value  Per  Acre  Related  to  Profits.  Farms  Operated  by  Owners. 


Value  Per  Acre. 


Number 

of 
farms. 


Average 

value 

per 

acre. 


Labor 
income. 


$20  or  less 
21-40.  . . 
41-60.  . . 

Over  60... 


51 
215 
176 

69 


$16 
32 
50 
91 


$200 
409 
463 
344 


The  tenants'  profits  are  largest  on  the  most  valuable  land  but  tne 
landlords'  profits  decrease  with  the  value  of  the  land.  This  is  due  to 
the  fact  that  the  system  of  rental  is  about  the  same  on  all  values  of  land. 
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On  the  land  that  is  twice  as  valuable  per  acre  as  other  land  the  crops 
are  larger  but  are  not  nearly  doubled,  hence  the  landlord  makes  a  lower 
per  cent  on  his  investment. 

The  tenant  should  receive  a  much  larger  portion  of  the  crop  on  the 
poorer  land.    As  the  matter  works  out  the  landlords  who  have  the  cheaper 

TABLE  43.    Value  Per  Acre  Related  to  Tenants*  and  Landlords'   Profits. 
Farms  Operated  by  Tenants. 


Value  Per  Acre. 

Number 

of 
farms. 

Tenant's 

labor 
income. 

Landlord's 
per  cent. 

$20  or  less 

11 

16 

$230 
402 

337 
562 

9  4% 
8.9 

It 

21-40 

41-60 

Over  60 

TABLE  44.    Value  Per  Acre  Related  to  Crop  Yields. 

BY  Owners. 


Farms  Operated 


Value  Per  Acre. 


Average 

value 

per 

acre. 


Average  yields  per  acre. 


Oats. 


Hay. 


Potatoes. 


$10  or  less 
II-  20... 
21-  40.. . 
41-  60... 
61-  80... 
81-100... 
Over  100. 


$9 
17 
32 
50 
68 
95 

183 


Bushels. 
18 
26 
32 
35 
36 
39 
41 


Tons. 
0.6 
0.9 
1.3 
1-4 
1.5 
1-7 
1-9 


Bushels. 
60 
86 

J20 

122 
92 

109 


land  find  it  very  hard  to  get  tenants  and  usually  secure  the  poorest  men. 
They  should  give  a  larger  share  of  the  product  than  is  given  on  good 
land. 

Value  per  acre  and  crop  yields.  The  crop  yields  increase  with  the 
value  per  acre,  but  at  a  much  slower  rate  than  the  increase  in  value 
(Table  44).  Comparing  land  that  is  worth  $32  per  acre  with  that  worth 
$68,  we  see  that,  while  the  value  of  the  land  has  doubled,  the  oat  crop 
increases  by  only  one-eighth  and  the  hay  crop  by  one-seventh.  Some 
such  relationship  as  this  should  be  expected.    Most  of  the  cost  of  growing 
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the  32  bushels  of  oats  is  labor.  Probably  4  bushels  will  pay  interest  on 
a  land  value  of  $32.  On  land  that  will  grow  36  bushels  the  labor  is  not 
much  more  and  there  are  left  nearly  4  bushels  more  to  pay  for  the  use 
of  land  or  twice  as  much.  Apparently  some  such  adjustment  as  this  has 
taken  place  between  crop  yields  and  land  values. 

SOILS 

Soil  types.  The  soils  of  the  county  are  exceedingly  variable ;  s<»ne  are 
level,  rich  and  productive,  others  are  hilly,  stony  and  unproductive.^ 

One-fourth  of  the  county  has  the  Volusia  silt  loam  type  of  soil.  This 
soil  occurs  on  the  rolling  hill-tops  in  the  southern  part  of  the  county.  It 
occurs  throughout  most  of  southern  New  York.  It  is  not  very  produc- 
tive. Wherever  it  occurs  there  are  occasional  fields  that  are  not  worked 
and  there  are  a  considerable  number  of  empty  houses.  These  conditions 
have  led  the  casual  observers  to  describe  the  region  as  one  of  aban- 
doned farms.    Some  facts  about  the  abandoned  farms  are  given  on  page 

556. 

This  type  of  soil  is  a  light  brown  or  yellow  silt  loam  with  a  light  yel- 
low or  light  gray  subsoil.  Both  soil  and  subsoil  contain  a  considerable 
amount  of  flat  shale  stones.  The  rock  is  often  near  the  surface.  Many 
springs  break  out  on  the  side  hills  so  that  wet  or  swampy  spots  are  nu- 
merous. In  mid-summer  crops  often  suffer  from  drought.  This  soil 
occurs  on  the  hills  from  1,000  to  2,000  feet  above  sea  level.  The  rail- 
roads are  in  the  valleys  so  that  the  farms  are  500  to  1,500  feet  above  the 
shipping  points. 

Volusia  loam  occupies  29  per  cent  of  the  area  of  the  county,  which 
is  more  than  the  area  occupied  by  any  other  type.  The  soil  occurs  at 
lower  elevations  than  the  Volusia  silt  loam.  It  is  usually  fairly  easy 
to  reach  from  the  railroad.  This  soil  type  is  usually  of  a  brown  color 
with  a  light  yellow  subsoil.  Considerable  stone  is  usually  present,  but 
this  does  not  often  seriously  interfere  with  farm  work.  This  soil  is 
usually  considered  to  be  good  farm  land. 

Ten  per  cent  of  the  county  has  the  soil  type  known  as  the  Dunkirk 
stony  clay.  This  soil  was  formed  by  sediment  deposited  in  lakes  during 
the  glacial  period.  It  is  lower  in  elevation  than  the  Volusia  soils,  thus 
making  it  still  more  accessible  from  the  railroads.  The  soil  is  a  yellow 
or  brown  loam,  or  clay  loam  with  a  brown  or  chocolate  colored  clay 
subsoil.  It  contains  considerable  rounded  stone.  The  amount  of  stone 
is  quite  variable  as  would  be  expected  from  the  manner  in  which  the  soil 
was  formed. 


'For  a  more  detaHed  description  of  the  soils,  see  Soil   Survey    ofipToniJjJdliA 


County,  New  York,  Field  Operations  of  the  Bureau  of  Soils,  igo^.dt 
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There  are  several  other  Dunkirk  soils  varying  from  sandy  to  day 
loams,  but  all  formed  by  deposition  as  lake  sediment.  In  these  calcula- 
tions all  these  are  classed  as  Dunkirk  combinations. 

Miami  stony  loam  occurs  only  in  the  northern  part  of  the  county. 
Large  areas  of  it  lie  in  the  counties  to  the  north.  The  soil  is  a  light 
brown  loam.  A  considerable  amount  of  the  stone  is  limestone.  The 
topography  is  such  that  it  usually  has  good  surface  drainage.  It  is 
usually  provided  with  good  railroad  facilities,  but  in  this  county  the 
railroads  were  not  very  easily  reached  until  a  new  railroad  was  put 
through.  This  has  been  so  recently  completed  as  to  have  no  effect  on 
the  results  here  given. 

There  are  a  large  number  of  other  soil  types  in  the  county  but  there 
are  so  few  farms  that  are  all  on  one  of  these  types  that  comparisons 
have  been  made  with  the  above  types  only.  If  a  farm  has  more  than 
one  soil  type  it  cannot  be  used  in  making  comparisons. 

Relation  of  soil  type  to  crops.  The  Volusia  silt  loam  is  the  least  pro- 
ductive soil.  The  Miami  stony  loam  is  the  most  productive.  Hay  is  the 
most  universal  crop.  The  yields  of  this  vary  from  an  average  of  i.i 
tons  on  the  Volusia  silt  loam  to  1.5  tons  on  the  Dunkirk  stony  clay  and 
Miami  stony  loam     (Table  45).  . 


TABLE  45.    Relation  of  Soil  Type  to  Crop  Yields. 

Average  Yields  Per  Acre. 


Owners  and  Tenants. 


Soil  Type. 

Hay. 

Oats. 

Cora. 

Buck- 
wheat, 

Potatoes. 

Apples. 

Volusia  silt  loam 

Volusia  loam 

Tons, 
I.I 
1.4 
15 
1-3 
1.5 

Bushels. 
27 
33 
34 
34 
38 

Bushels 

27 
31 

28 
38 

Bushds. 
13 
17 

\t 

21 

Bushels, 

"3 
127 
68 
126 
104 

BusheU. 

23 

Dunkirk  stony  clay. . . 
Dunkirk  combinations. 
Miami  stony  loam 

88 
48 
61 

The  amount  of  each  kind  of  crops  varies  considerably  with  the  type  of 
soil,  as  shown  by  Table  46.  Minor  crops  are  not  given  in  this  table,  but 
the  total  area  devoted  to  these  is  very  small.  Of  the  total  area  in  crops 
on  Volusia  silt  loam,  60  per  cent  is  in  hay,  while  only  48  per  cent  of  the 
Miami  stony  loam  grows  hay.  This  is  not  because  hay  is  so  good  on  the 
Volusia  silt  loam,  but  because  the  returns  for  the  greater  labor  on  other 
crops  are  so  small.  Potatoes  and  buckwheat  are  also  grown  more  exten- 
sively than  on  the  other  soil  types.  The  Dunkirk  soils  grow  the  most 
wheat  and  oats.    The  Miami  stony  loam  grows  the  most  dwersifiedicrops. 
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Relation  ol  soil  type  to  profits.    As  would  be  expected,  the  farmers 
on  the  most  productive  soils  are  making  more  money  and  living  better. 


Fig.  159. — Steep  hills  are  one  of  the  obstacles  to  successful  farming  on  some 
farms,  particularly  on  the  Volusia  silt  loam  soil. 

The  average  labor  income  on  Volusia  silt  loam  is  about  half  that  on  the 
other  soil  types  (Table  47).  The  other  soil  types  seem  to  be  about 
equally  profitable. 


TABLE  47.    Relation  of  Soil  Types  to  Profit.  Farms  Operated  by  Owners. 


Soil  Type. 


Average 

labor 
income. 


Volusia  silt  loam 

Volusia  loam 

Dunkirk  stonv  clay. . . 
Dunkirk  combinations 
Miami  stony  loam 


I218 

437 
380 

4U 


About  one-third  of  the  farmers  on  Volusia  loam  made  labor  incomes 
of  less  than  $201 ;  nearly  two-thirds  of  those  on  Volusia  silt  loam  made 
less  than  this  amount   (Table  48). 
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TABLE  48.    Variations  in  Profits  on  Different  Soil  Types, 


Labor  Income. 


Volusia  Loam. 


Number 

of 
fanners. 


Per  cent 

of 

total. 


Volusia  Silt  Loam. 


Number 

of 
farmers. 


Per  cent 

of 

total. 


$0  or  less 

1-200. . 

201-400. . 

401-600. . 

Over  600. . 


II 
26 
29 
23 
27 


10% 
22 

25 
20 

23 


15 
23 

9 
13 

5 


23% 
35 
14 
20 
8 


A  better  way  of  comparing  the  soil  types  is  on  the  basis  of  the  returns 
from  equal  capital.  If  a  man  has  a  given  capital,  will  he  make  more  if 
he  invests  it  in  Volusia  loam  or  in  the  greater  acreage  of  the  cheaper 
Volusia  silt  loam?  The  farms  operated  by  owners  on  these  two  soil 
types  were  sorted  into  groups  having  equal  capital.  On  this  basis  the 
returns  ought  to  be  equal,  but  again  the  Volusia  loam  yields  an  average 
labor  income  of  nearly  double  that  on  the  Volusia  silt  loam  (Table  49). 

TABLE  49.    Relation  of   Soil   to   Profits  when   the    Investments   are 
Equal.    Farms  Operated  by  Owners 


Capital. 


Volusia  Loam. 


Number 

of 
farms. 


Labor 
income. 


Volusia  Silt 
Loam. 


Number 

of 
farms. 


Labor 
income. 


Area. 


Volusia 

loam 

(acres). 


Volusia 

silt 

loam 

(acres). 


$2,000  or  less. 

2,001-4,000. 

4,001-6,000. 

6,001-8,000. 

Over  8,000. 


3 
40 

39 
25 
13 


$203 
256 
494 
527 
721 


8 
26 

19 
6 

7 


$151 
137 
142 
106 
695 


39 
62 

91 
131 
162 


55 

94 

117 

146 

185 


Average. 


$440 


$246 


It  is  evident  that  under  present  conditions,  the  Volusia  silt  loam 
is  much  the  poorer  soil  to  buy.  It  is  possible  that  with  a  diflferent 
system  of  fanning  the  silt  loam  may  make  a  better  showing.  It  is  also 
possible  that  more  profit  can  be  made  from  increased  land  values  on  the 
cheaper  soil.  Land  that  is  now  worth  $15  may  reach  $30  in  value  before 
that  which  is  now  worth  $40  reaches  $80.  digitized  by  GoOglc 
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The  differences  in  landlords'  profits  vary  less  with  the  soil  type.  This 
agrees  with  previous  tables  (page  430)  that  show  that  the  landlord  15 
less  affected  by  the  character  of  the  soil  than  is  the  man  who  works  the 
land  (Table  50).  The  landlord,  of  course,  receives  more  per  acre  from 
good  land  but  not  much  more  on  the  investment. 

TABLE  50.    Relation  of  Soil  Type  to  Profits.  Farms  Operated  by  Tbnaj«jts. 


Soil  Typb. 


Number 

Tenant's 

of 

labor 

fanners. 

income. 

II 

$317 

23 

375 

7 

314 

18 

528 

7 

452 

Lpandlord's 
per  cent. 


Volusia  silt  loam 

Volusia  loam 

Dunkirk  stony  clay . . . 
Dunkirk  combinations 
Miami  stony  loam . . . . 


7-1^ 
8-5 
10.9 

8.5 
8.1 


It  would  be  desirable  for  the  State  to  conduct  experiments  vi^ith  dif- 
ferent types  of  farming  on  this  soil.  One  type  that  should  be  tested  is 
the  combination  of  sheep  with  potatoes,  hay  and  poultry. 

Soil  type  related  tq  tenure.  The  better  the  soil  the  larger  the  propor- 
tion of  tenant  farmers.  Only  14  per  cent  of  the  farms  on  Volusia  silt 
loam  are  rented  while  24  per  cent  of  the  Miami  stony  loam  is  rented 
(Table  51).  This  relationship  between  soil  and  land  tenure  seems  to  be 
general  throughout  the  United  States. 

TABLE  51.  Soil  Type  Related  to  Tenure. 


Soil  Type, 


Number 

of  farms 

operated 

by  owners. 


Number 
of  farms 
rented. 


Per  cent 
rented. 


Volusia  silt  loam 

Volusia  loam 

Dunkirk  stony  clay. . . 
Dunkirk  combinations 
Miami  stony  loam 


65 
116 

33 
69 
22 


II 

23 

7 

18 

7 


17 
18 
21 
24 


Relation  of  soil  type  to  other  factors.  The  largest  farms  occur  on 
the  poorest  soils,  but  the  farnis  are  not  enough  larger  to  give  equal 
opportunity  (Table  52).  The  tillable  areas  on  the  different  soil  types 
are  njore  nearly  alike.  Of  the  farm  area  in  these  townships,  73  per  cent 
is  tillable  (Table  26),  but  only  69  per  cent  of  the  Volusia  silt  loam  is  tilla- 
ble,  while  82  per  cent  of  the  Miami  stony  loam  is  tillable.    The  values  of 
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Lliese   two  soil  types  are  $33  and  $51  per  acre.     There  are  considerable 
areas  of  Volusia  silt  loam  that  can  be  purchased  at  $15  i)er  acre. 

TABLE  52.  Soil  Type  and  Other  Factors,  Farms  Operated  by  Owners. 


Soil  Type. 

Number 
of  farms. 

Average 
size  of 
farms. 

Average 

tillable 

area. 

Per  cejit 
of  area 
tillable. 

Average 

value  per 

acre. 

Volusia,  silt  loam 

76 
139 

87 
29 

Acres. 
Ill 
100 
92 

95 
98 

Acres. 

77 

IS 

li 

69% 
74 

82 

I33 
44 
55 
51 
51 

Volusia  loan 

Dunkirk  stony  clay 

Dunkirk  combinations 

M.iatni  stony  loam 

Are  the  soils  running  out?  Each  farmer  was  asked  whether  his 
crops  were  as  good  as  formerly.  Such  a  question  is  a  very  hard  one  to 
answer,  because  of  the  variation  in  seasons.  It  is  evidently  the  opinion 
of  most  of  the  farmers  that  crops  are  better  than  formerly.  Sixty-three 
per  cent  stated  that  the  crops  were  improving,  13  per  cent  that  they  had 
not  changed  and  24  per  cent  that  crops  were  not  so  good  as  formerly. 

It  is  probable  that  the  soils  are  not  quite  so  rich  as  formerly,  but  the 
better  methods  of  farming  appear  to  be  giving  better  crops.  The  aver- 
ages for  New  York  state,  according  to  the  Department  of  Agriculture, 
show  an  increased  production  during  the  last  ten  years. 

DISTANCE  FROM  MARKET 
Average  distance.  The  average  distance  to  market  is  3.16  miles. 
Sixty-one  per  cent  of  the  farms  are  three  miles  or  less.  Four  per  cent  are 
over  8  miles  from  market.  The  railroads  average  nearer  than  this,  but 
in  a  considerable  number  of  cases  the  nearest  station  is  not  the  market, 
either  because  of  poor  market  facilities  or  hills  (Table  53). 

TABLE  53.  Distance  to  Market.    Owners  and  Tenants. 


Distance. 


Average 

Number 

Per  cent 

distance. 

of  farms. 

of  farms. 

Miles. 

% 

•74 

142 

15 

1.73 

219 

23 

2.80 

215 

23 

3.81 

124 

13 

4.88 

109 

II 

5.96 

56 

6 

6.95 

26 

3 

7.92 

22 

2 

9.57 

35 

4 

MUes. 

I  or  less 

i-V-  to2 

2+  to  3 

^+to4 

4+ to  5 

5+ to  6 

6+t07 

7-fto8 

Overs 


Average  distance  3 .  16  miles. 
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Relation  of  distance  from  market  to  profits.  The  average  owner  T?«rr 
is  within  3  miles  of  market  makes  about  four  times  as  large  a  labor  ir 
come  as  that  made  by  those  who  are  over  7  miles  from  market  : 
appears  that  one  can  pay  five  per  cent  interest  on  the  larger  value  p«c- 
acre  of  the  land  near  market  and  yet  make  much  more  for  his  labor.  Th 
difference  in  tenants'  labor  income  is  not  quite  so  great  but  is  in  th- 
same  direction  (Table  54). 


TABLE  54.  Relation  of  Distance  to  Market,  to  Profits. 


Distance. 


Miles, 

I  or  less 

iH-  to  2 

2+  to3 

3+ to4 

4+ to  5 

5+ to6 

6+  to  7 

7+ to  8 

Overs 


Farms  Operated  by 

Farms  Operated  by 

Owners. 

Tenants. 

Number 
of  farmers. 

Average 
labor 

Number 
of  farmers. 

Average 
labor 

income. 

income. 

96 

$464 

14 

$4i- 

140 

598 

41 

^=, 

131 

399 

42 

o-i* 

83 

356 

17 

:vv 

70 

333 

II 

5-*' 

31 

278 

II 

2tr 

16 

287 

6 

3-^' 

12 

169 

I 

71 

22 

129 

4 

3^ 

The  differences  are  increased  by  several  correlated  facts.  The  farm- 
ers far  from  market  not  only  have  a  greater' distance  to  travel  but  in 
many  parts  of  the  county,  have  steep  hills  to  drive  over.  The  soils  farther 
from  the  railroads  are  also  poorer  because  the  railroads  run  through 
the  valleys.  In  Lansing  township,  the  land  is  comparatively  level  and 
is  no  better  near  the  railroads.  Here  the  differences  in  favor  of  the 
nearer  farms  are  still  emphatic. 

Milk  selling  combined  with  general  farming  seems  to  be  the  most 
profitable  type  of  farming.  Butter  making  does  not  often  pay  welL  Or.e 
of  the  greatest  problems  that  the  farmers  have  to  meet  is  the  excessive 
loss  of  time  when  they  haul  milk  from  the  farm  to  the  railroad  station 
Investigations  in  Delaware  county  showed  that  when  the  value  of  th: 
farmer's  time  is  counted,  the  cost  of  hauling  milk  to  the  station  was  5  10 
20  per  cent  of  the  value  of  the  milk.  When  hired  hauled,  the  cost  aver- 
aged 4  to  7  per  cent  of  the  value  of  the  milk.    On  the  average  it  cost  as 
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ntich  to  haul  milk  one  mile  as  to  hire  it  hauled  six  miles.  The  trouble 
s  that  so  many  farmers  haul  only  one  or  a  few  cans.  Those  who  are 
lired  to  haul  milk  usually  have  full  loads.    Unless  one  has  a  full  load 

L^l?or  //?co/??e 
jfeoo 


50O 


4O0 


300 


soo 


/oo 


3       ^        ^        e        re 

Fig.  i6o. — The  farms  that  are  near  market,  but  that  are  not  so  near 
as  to  have  too  high  land  values,  pay  best. 


/O 


of  milk  It  rarely  pays  to  haul  it  if  any  one  can  be  hired  to  haul  it.  If 
no  one  can  be  persuaded  to  make  a  regular  business  of  hauling  milk 
from  the  community  the  farmers  can  combine  and  take  turns  in  haul- 
ing Whenever  possible  it  is  best  to  hire  it  hauled.  By  such  means  it 
will  be  profitable  for  many  who  live  at  some  distance  from  the  railroad 
to  sell  milk. 

Relation  of  distance  from  market  to  capital,  area,  and  value  per  acre. 
The  value  per  acre  decreases  from  over  $40  to  $19  as  the  distance  to 
market  becomes  greater.  These  differences  would  be  less  in  a  level  coun- 
try Many  of  the  farms  that  are  farther  from  market  also  have  hilly 
roads. 

The  farms  farther  from  market  average  a  little  larger  than  the  nearer 
ones  and  have  a  smaller  total  capital  invested  (Table  55). 

Relation  of  distance  from  market  to  tenure.  The  tenant  farms  aver- 
age 2.64  miles  from  market.  The  farms  operated  by  owners  average 
3.29  miles.  This  again  shows  the  tendency  for  a  larger  percentage  of  the 
bettei  farms  to  be  rented. 
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TABLE  55.    Relation  of  Distance  to  Market,  to  Capital,  Area,  and  Value  pz 

Acre.   Owners  and  Tenants. 


Distance. 


Nufnber 
of 

Average 
capita. 

Average 

Average 
value  of 

farms. 

area. 

real  estate. 

142 

16,176 

103 

$4,301 

219 

6,299 

104 

5,022 

215 

5.932 

lOI 

4.129 

124 

5»956 

99 

4.156 

109 

4.889 

lOI 

3.441 

56 

4.380 

109 

3.069 

26 

4.779 

125 

3.244 

22 

5»053 

109 

3.560 

35 

3.807 

123 

2,304 

Average? 

valis 
peracrt. 


MUes. 

I  or  less 

1+  to2 

2+  to  3 

3+ to  4 

4+  to5 

5+ to  6 

6-h  to7 

7+ to8 

Over  8 


4-^ 


LABOR 
Family  labor.  The  greater  part  of  the  work  on  farms  is  done  by 
the  farmer  and  his  family.  The  farmers  were  asked  to  estimate  what 
the  work  that  they  did  would  cost.  The  average  of  these  estimates  for 
men  who  worked  their  own  farms  was  $326.  These  estimates  are  on 
the  same  basis  as  that  frequently  used  in  hiring  men ;  that  is,  in  addition 
to  the  wages  paid,  a  man  receives  the  use  of  a  house  and  some  wood  and 
farm  prodticts.  The  value  of  unpaid  labor  by  other  members  of  the 
farmer's  family  was  estimated  at  $58.  The  value  of  board  furnished  to 
hired  labor  averaged  $35  and  the  cash  cost  of  labor  $112.  Over  sevent}* 
per  cent  of  the  farm  labor  is  done  by  the  farmer  and  his  family  (Table 

56). 

Labor  cost  and  other  expenses.  The  greatest  of  all  cost  factors  on 
the  farm  is  labor.  Including  the  value  of  the  labor  done  by  the  farmer 
and  his  family,  the  average  labor  cost  per  farm  is  $531.  All  other  ex- 
penses amounted  to  only  $293  per  farm.  The  question  of  the  proper 
direction  of  farm  labor  is  evidently  the  most  important  problem  that 
the  farmer  has  to  meet. 

TABLE  56.    Relation  of  Labor  to  Other  Expenses.    Farms  Operated  by 

Owners. 

Cash  paid  for  labor $112 

Value  of  board  of  labor 35 

Value  of  unpaid  family  labor 58 

Value  of  farmer's  labor 326 

Total  labor  cost $551 

All  other  farm  expenses 293 

Interest  on  capital  at  5  per  cent 276 
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To  use  labor  effectively,  the  type  of  farming  must  give  the  most  prof- 
:a.ble  employment  at  each  season  of  the  year.  The  buildings,  fields  and 
^nces  must  be  so  arranged  as  to  facilitate  the  work.  The  proper  amount 
.nd  kind  of  machinery  and  horses  must  be  used.  The  farmer  must  see 
a.r  enough  ahead  so  as  to  anticipate  the  work  and  be  ready  for  it  Prob- 
i\Ay  the  least  understood  of  all  the  factors  that  have  to  do  with  farming 
s  the  proper  use  of  time.  Farmers  usually  appear  to  know  much  more 
Ltout  the  conservation  of  the  soil  than  they  do  about  the  conservation 
>f  time.  This  is  doubtless  due  to  the  fact  that  much  of  the  labor  is  not 
paid  and  the  inference  has  been  drawn  that  time  is  of  no  value.  Many 
farmers  will  spend  a  dollar's  worth  of  time  in  order  to  save  a  cash  ex- 
penditure of  a  few  cents.  Colleges  and  farm  papers  have  done  little 
to  correct  this  error,  as  most  of  their  efTorts  have  been  given  to  increas- 
ing the  ])roduction  of  soil  and  animals.  No  one  has  given  much  attention 
to  the  planning  of  farm  work. 

Relation  of  labor  to  profits.  The  average  farmer  makes  a  good  profit 
from  the  labor  that  he  directs.  Some  fail  to  make  enough  to  pay  the 
hired  man,  others  who  have  the  opportunity  and  ability  to  use  labor 


Labor  /ncorne. 
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l/b/ue  of  l&bor  £xcel?t'  /^rrr?e.rs 
Fig.  161. — On  the  average  it  pays  to  hire  help. 
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effectively  make  good  profits  from  employing  help.    Those  who  direct 
most  labor  receive  the  most  for  their  own  work. 

The  total  labor  except  the  owner's  was  calculated  for  each  farm. 
This  includes  the  cash  paid  for  the  labor,  value  of  unpaid  labor  by  other 
members  of  the  family^  and  value  of  boar^  furnished  to  laborers.    This 
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total  represents  the  value  of  all  labor  except  the  farmer's.     It  also  onr 
the  value  of  the  use  of  houses.     These  figures  enable  us  to  comf^'i 
th€  amounts  of  labor  that  different  farmers  direct.    The  farmer's  lau.: 
income  increases  rapidly  with  increased  expenditure  for  labor  ( Table  57 

TABLE  57.  Relation  of  Amount  of  Labor  to  Profits.  Farms  Operated  by  Owsee. 


.Value  of  Labor,  Except 
Parmer's. 


Average 

value  of 

labor 

except 

farmer's. 


Number 

Average 

of 

labor 

farmers. 

income. 

189 

$288 

166 

332 

112 

432 

85 

534 

36 

721 

17 

1,194 

Average 

size 
(acres). 


Number 
of  horses 
per  fare: 


$50  or  less 
51-150.. 

I5I-300- 
301-500. . 
501-800. . 
Over  800.. 


$21 
100 
231 
404 

634 
981 


72 
95 
119 
148 
185 
234 


2  3 

2  » 

3  3 

4: 
5^ 


Those  who  direct  $100  worth  of  labor  besides  their  own  have  an 
average  labor  income  of  $332.  Those  who  direct  $404  worth  of  labor 
have  an  average  labor  income  of  $534;  that  is,  for  each  additional  do^ 
lar's  worth  of  labor  that  they  direct,  they  are  able  to  pay  this  labor  and 
have  left  two-thirds  of  a  dollar.  Adding  the  value  of  the  farmer's  labor, 
or  $326,  to  the  value  of  the  other  labor,  gives  the  value  of  all  labor  on 
the  farm  in  each  of  these  groups.  Comparing  these  figures  with  the  aver- 
age profits  in  each  group,  we  find  that  on  the  average  the  profits  are  8b 
per  cent  of  the  value  of  all  labor ;  that  is,  the  farmer's  labor  income  is  80 
per  cent  of  the  value  of  the  total  labor  (Table  58). 

TABLE  58.  Relation  of  Labor  to  Profits.     Farms  Operated  by  Owners. 


Value  of  Total  Labor.x 


Labor 
income. 


Labor 

income  per 

dollar^ 

worth  of 

labor. 


fo47. 
426. 

557. 
730. 
960. 

1,307. 


I288 
332 
432 
534 
721 

1. 194 


$oSz 


7* 

73 


Average. 


Id  80 


^  In  this  table  the  farms  are  classified  the  same  as  in  Table  60.  To  get  the  total  value 
of  all  labor  on  the  farm,  the  average  value  of  all  labor  except  the  fsSrper's  is  added  to 
the  value  of  the  farmer's  labor  at  the  average  estimate  of  f326^ed  by  vrvOO^ 
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In  each  group  nearly  the  same  relationship  exists,  showing  that  the 
armers  who  use  most  help,  direct  it  as  effectively  as  those  who  use  least. 
7 His  might  not  be  true  if  still  larger  amounts  were  used.  About  one- 
hird  of  the  farmers  direct  less  than  $50  worth  of  labor.  These  are 
practically  one-man  farms.  The  labor  income  of  these  farmers  averages 
ess  than  hired  men  receive.  It  appears  that  most  of  the  farmers  who  do 
\ot:  have  some  help  had  better  hire  out.  There  are  some  exceptions. 
PHere  were  189  farmers  who  had  less  than  $50  worth  of  help.  Only 
tViree  of  these  made  labor  incomes  as  high  as  $1,000.  One  in  five  made 
as  much  as  $500  labor  income.  Only  53  farmers  (9  per  cent  of  total 
number)  directed  over  $500  worth  of  labor.  The  average  labor  income 
wliich  these  men  made  was  $873.  Some  of  these  failed  to  direct  this 
labor  profitably,  26  per  cent  of  them  made  less  than  hired  men  receive, 
but  34  per  cent  made  labor  incomes  of  over  $1,000. 

It  appears  that  few  men  are  able  to  make  good  labor  incomes  with- 
out help  and  that  the  majority  of  those  who  direct  help  make  a  good 
profit  from  the  labor  that  they  direct  (See  pages  414  to  427). 

CROPS.' 
Comparative  areas  devoted  to  each  crop.     The  crop  data  were  tabu- 
lated for  647  farms  that  had  the  most  complete  records.  A  considerable 


Fig.  162.— a  good  crop  of  buckwheat.    Buckwheat  occupies  8  per  cent  of  the 
total  crop  area  in  these  towns. 

part  of  the  area  is  in  woods  and  pasture.     In  making  comparisons  of 
crops  the  area  in  pasture  and  woods  is  not  counted. 

A  great  variety  of  crops  are  grown  in  the  county,  and  many  crops 
are  of  great  value  on  occasional  farms,  but  the  number  that  arerextenr  j 
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sively  grown  is  less  diverse.  Hay,  oats,  potatoes,  corn,  wheat,  buclj 
wheat,  and  apples  are  the  leading  crops.  Hay  is  the  one  universal  cr  1 
It  occupies  56  per  cent  of  the  area  devoted  to  crops.  Oats  are  seccci 
in  area  and  in  number  of  farms  growing  the  crop.  They  occupy  17  ;-! 
cent  of  the  total  area  in  crops.  They  are  grown  by  nearly  all  i 
farmers.  Potatoes  are  grown  by  84  per  cent  of  the  farmers,  but  rh 
high  number  is  due  to  the  fact  that  nearly  everyone  grows  potatoes  f 
hon^e  use.  The  number  who  make  a  business  of  raising  potatoes  for  sa': 
is  not  so  large  as  this  figure  would  indicate.  Potatoes  occupy  only  3  per- 
cent of  the  area  in  crops. 

Corn  and  buckwheat  occupy  equal  areas,  each  being  8  per  cent  c: 
the  total  area  devoted  to  crops.  But  corn  is  grown  by  more  persorr 
Sixty-one  per  cent  of  the  farmers  grow  buckwheat  while  68  per  cent  grow 
corn  for  grain.  A  considerable  number  who  do  not  grow  it  for  grak 
grow  it  for  fodder  or  for  silage. 

TABLE  59.  Crop  Acreages.    647  Farms,  Owners  and  Tenants. 


Crop. 


Number 
of  f  amis 
growing 
the  crop. 


Per  cent 

of  total 

farms. 


Acres. 


Per  cent 

of  total 

acres. 


Hay 

Oats 

Oats  and  barley 

Oats,  peas  and  barley 

Oats  and  peas , 

Com  for  grain 

Com  for  silage 

Com  for  fodder , 

Buckwheat 

Wheat 

Potatoes 

Apples 

Barley 

Rye 

Pears 

Cabbages , . . 

Alfalfa 

Millet 

Sorghum 


645 

548 

57 

II 

6 

439 

97 

83 

397 

294 

545 

346 

39 

39 

18 

28 

7 

3 

2 


100.   % 
85 

9 

2 

I 
68 
15 
13 
61 

45 
84 

53 
6 
6 

3 
4 

I 

5 
3 


20,656 

5.474 

567 

130 

38 

2,203 

688 

256 

2,785 
1,820 

1.094 
755 
194 
168 

41 

34 

24 

9 

3 


56.  ^' 
17 


.5 
■5 


Wheat  is  fifth  in  area  grown  and  occupies  5  per  cent  of  the  crop  area. 
Fruit  occupies  about  3  per  cent  (Table  59). 
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Crop  yields.  The  crop  yields  average  a  little  better  than  the  average 
for  New  York  State  and  considerably  better  than  for  the  United  States. 
The  results  for  the  year  1907  are  given  in  Table  60.    The  yields  in  other 


Fig  163. — Two  hundred  bushels  of  potatoes  per  acre  on  Volusia  silt  loam  soil. 

parts  of  the  county  were  secured  for  1905  and  1906.  In  each  of  these 
years  the  crop  yields  have  been  better  than  the  State  or  United  States 
averages. 

TABLE  60.    Crop  Yields. 


Average  Yields  Per  Acre  of  — 


Hay. 


Oats. 


Com. 


Buck- 
wheat. 


Wheat. 


Pota- 
toes. 


Rye. 


United  States*,  1907 

New  YorkS  1907 

Northern  Tompkins  County: 

Groton,  1906 

Lansing,  1907 

Ulysses,  1905 

Ithaca,  1907 

Enfield,  1905 

Southern  Tompkins  County: 

Dryden,  1907 

Newfield,  1905 

Danby,  1907 

Carohne,  1906 


1.45 
125 


Bu, 
24 
31 


60 

34 

39 

34 

59 

44 

47 

36 

57 

3« 

31 

33 
27 
28 


Bu. 
26 
27 

36 
32 
34 
28 

35 

29 
30 
23 
34 


Bu. 
18 
18 

24 
17 
23 
15 
22 

19 
19 
12 

19 


Bu. 
14 
17 

20 
21 
22 
21 
20 

20 
18 
20 
19 


Bu. 

95 
98 

107 
87 
98 

127 
66 

139 
73 
77 
98 


Bu. 


16 
17 

18 
18 
18 
16 
16 

15 
15 
15 
15 


1  Yields  for  New  York  and  United  States  are  from  Yearbook,  United  States  Depart- 
ment  of  Agriculture,  1908 
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Total  values  of  crops.  The  hay  crop  is  worth  nearly  as  much  as 
all  the  other  crops,  including  fruits  and  vegetables.  When  we  consider 
both  the  hay  and  the  value  of  pastures  we  can  realize  how  important  the 
grass  crops  are  to  this  region,  which  is  typical  of  nearly  all  of  New  York 
(Table  61).  Oats  are  second  in  value,  followed  by  potatoes,  corn,  wheat 
buckwheat,  and  apples. 

TABLE  61.    Crop  Values,  647  Farms.    Owners  and  Tenants- 


Crop. 


Total 
value. 


Price. 


Value 
per  acre. 


Hay 

Oats 

Potatoes 

Com  for  grain 

Wheat 

Buckwheat 

Apples 

Oats  and  barley 

Barley 

Oats,  peas  and  bariey 

Rye 

Cabbage 

Pears 


$362,744 

102,885 

77.578 

50,764 

38,068 

36,060 

21,278 

11,835 

4.655 

2,555 

2,163 

2,120 

1.335 


$13  51  per  ton 

58  per  bu. 

58  per  bu. 

78  per  bu. 
I  00  per  bu. 

78  per  bu. 

76  per  bu. 

62  per  bu. 

95  per  bu. 

58  per  bu. 

82  per  bu. 
5  38  per  ton 
I  06  per  bu. 


$17  ^ 
18  bO 
70  9: 
23  04 
20  9: 
12  95 
28  i; 
20  S: 

23  99 
19  65 
12  ft; 
62  35 
32  5*^ 


The  values  per  acre  of  the  different  crops  give  some  suggestion  as 
to  why  so  large  areas  of  hay  are  grown.  The  average  value  of  the  hay 
crop  is  only  one  dollar  less  than  oats,  three  dollars  less  than  wheat  and 
five  dollars  less  than  corn.  This  does  not  include  the  value  of  straw 
and  stalks.  The  cost  of  producing  these  crops  is  so  much  more  than 
the  cost  of  producing  hay  that  the  profit  on  the  hay  crop  is  muck 
larger. 

The  potato  crop  has  the  highest  average  value  per  acre.  Potatoes 
are  a  very  profitable  crop  on  many  of  the  soils  of  the  county.  In  some 
years  the  prices  are  low,  as  in  1909,  but  usually  the  potatoes  pay  well 
on  soil  that  is  well  adapted  to  the  crop. 

Cash  crops.  Hay  is  the  leading  cash  crop.  Two-fifths  of  all  the 
receipts  from  the  sale  of  crops  come  from  hay.  Potatoes  are  second, 
followed  by  buckwheat,  wheat,  and  apples  (Table  62). 
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TABLE  62.    Values  of  Crops  Sold,  647  Farms.    Owners  and  Tenants. 


Crop, 


Number 
of  farms 
selling. 


Value 

of  crop 

sold. 


Value  kept 
for  feed 
and  seed. 


Hay 

Potatoes 

Buckwheat 

Wheat 

Apples 

Oats 

Barley 

Oats  and  barley 

Cabbage 

Pears 

Rye 

Com  for  grain 

Oats,  peas  and  barley . 


347 
396 
241 
168 
180 

115 

18 

6 

13 
18 
16 

9 

2 


$97,427 
53.923 
21,943 
18.538 
13.550 

11.397 

2,259 

1,628 

1,360 

796 

747 

509 

418' 


Miscellaneous  (Table  63) . 


$224, 495 
18,670 


$243,165 


$265,317 
23.655 
14,117 
19.530 
7.728 
91,488 

2.39^ 

10,207 

760 

539 

1,416 

50,255 

2,137 


$489,545 


TABLE  63.    Miscellaneous  Crops  Sold.     647  Farms.     Owners  and  Tenants. 


Crop. 

Number 
of  farms 
growing 
the  crop. 

Vahie 
sold. 

Lumber,  poles,  posts,  wood 
Grapes 

etc 

25 

7 
12 

30 

I 

6 
3 
5 

5 
4 
6 

I 
I 

$4,277 

4.200 

Berries 

3,011 

Truck 

2.421 

Plums 

1,300 

Cherries 

810 

Clover  seed 

784 

Tobacco 

619 

Peaches 

520 

Svruo 

296 

Straw 

255 

Beans 

134 

Nursery  stock 

25 

Walnuts 

18 

$18,670 
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About  one-fourth  of  the  hay  crop  is  sold.  Onq-tenth  of  the  oats  and 
half  the  wheat  are  sold.  About  two-thirds  of  the  buckwheat,  potatoes 
and  apples  are  sold  (Table  64). 


TABLE  64.    Disposition  Made  of  Crops.    647  Farms.     Owners  and  Tenants. 


Crop. 


Total  crop. 


Amount  sold. 


Per 
cent 
sold. 


Amount  kept 
for  feed 
and  seed. 


Per  ces: 

kept  1  ' 

feed  ^zA 

seed. 


Hay 

Oats 

Oats  and  barley 

Oat9,  peas  and  barley 

Com  for  grain 

Com  for  silage 

Com  for  fodder 

Buckwheat 

Wheat 

Potatoes 

Apples 

Barley 

Rye 

Pears 

Cabbages 

Alfalfa 


36,850 

177,388 

19 ,089 

4.406 

65,082 

6,741 

1,501 

46,231 

38,068 

133,756 

27,997 

4,900 

2,638 

1,259 

394 

65 


tons..., 
bushels, 
btashels. 
bushels . 
bushels 

tons 

tons... 
bushels 
bushels . 
bushels 
bushels , 
bushels, 
bushels 
bushels, 

tons 

tons 


7,212  tons... 

19,711  bushels. 

2,626  bushels. 

721  bushels. 

646  bushels. 


28,304  bushels. 
18,460  bushels. 
93,395  bushels. 
17,860  bushels. 
3,383  bushels. 

907  bushels. 

749  bushels. 

353  tons 


27% 

IX 


61 

t 

64 
49 
34 
59 
64 


19.638 

157,677 

16,463 

3.685 

64,436 

6,741 

1,561 

17.927 

19,608 

41,461 

10,137 

3,518 

1,731 

510 

141 

65 


tons. .  .  . 
bushels . 
bushels . 
bushels . 
bushels , 

tons 

tons.. . . 
bushels . 
bushels, 
bushels . 
bushels . 
bushels 
bushels . 
bushels, 
tons . . . . 
tons... . 


S6 

u 

9i 
100 
10a 
39 
Si 
31 
36 
51 
bb 
41 
36 
zoo 


Feed  raised  and  purchased.  The  approximate  total  value  of  all 
grain  feed  raised  can  be  obtained  from  Table  62  by  deducting  the  prob- 
able value  of  grain  kept  for  seed  from  the  total  value  of  that  kept. 


Fig.  164. — A  few  farmers  raise  mangels  for  stock  food. 

Estimated  on  the  previous  year's  acreages  of  all  kinds  of  grain  and  the 
usual  rate  of  seeding,  about  $16,000  worth  of  the  grain  was  kept  for 
seed.    This  is  $25  per  farm.    The  total  value  per  farm  of  all  grain  that 
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was  raised  and  fed  on  the  farm  would  then  be  $271  in  addition  to  corn 
silage-  The  value  of  grain  sold  is  $89  per  farm.  The  value  of  all 
grain   feed  purchased  is  ^y^  per  farm  (Table  70). 

This  shows  that  78  per  cent  of  the  grain  feed  is  grown  on  the  farms. 
Also  that  the  total  cost  of  purchased  feed  is  more  than  offset  by  grain 
sold.  This  region,  then,  is  growing  more  grain  than  its  total  stock  food, 
but  it  pays  to  sell  much  of  the  buckwheat  and  wheat  and  buy  back  mill 
products,  particularly  for  feeding  cows. 

The  total  value  of  hay  sold  per  farm  was  $151 ;  of  hay  purchased, 
$6.  This  shows  that  very  little  is  bought  by  farmers.  Nearly  all  of 
the  hay  that  is  sold  goes  to  cities.  Very  few  farmers  plan  to  buy  any. 
Occasionally  a  farmer  sells  too  much  hay  so  that  he  has  to  buy  back  a 
little  to  finish  out  the  year,  and  a  very  few  farmers  feed  more  than  they 
raise. 

Relation  of  tenure  to  crops  grown  and  crops  sold.  The  statement 
is  often  made  that  tenants  sell  more  hay  than  owners.  This  does  not 
seem  to  be  borne  out  by  the  facts.  The  tenants  are  devoting  the  same 
proportion  of  the  farm  area  to  each  of  the  leading  crops  and  are  selling 
about  the  same  proportions  of  the  crops  grown  (Tables  65  and  66). 

TABLE  65.    Relation  of  Tenure  to  Crops  Grown.    647  Farms. 


Crop. 


Hay 

Oats 

Buckwheat . . . 
Com  for  grain. 

Wheat 

Potatoes 


511  Owners. 


Acres. 


15,553 
4.089 
2,050 
1,632 
1,359 
849 


Per- 
cent 
of  area 
in  six 
crops. 


61% 
16 

8 

7 

5 

3 


Acres 

per 

farm. 


30.4 
8.0 
4.0 
3-2 
2.7 
1.7 


136  Tenants. 


Acres. 


5,103 

1,385 

735 

571 

461 

245 


Per 

cent 

of  area 

in  six 

crops. 


(Jo% 
16 

9 

7 

5 

3 


Acres 

per 

farm. 


37 
10. 

5 
4 
3 
I 


IS 
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TABLE  66.    Relation  09  Tenure  to  Crops  Sold.    647  Farms. 


Crop. 


Per  cent  Sold. 


Owners. 


Tenants. 


Per  cent  Kept 
for  Feed  and  Seed. 


Owners.       Tenants. 


Hfty 

OtttM 

Buckwheat . . . 
Oirn  for  grain 

Wh(!ttt 

Potatoes 


27% 
II 
60 
I 

44 
69 


27% 
10 

66 

I 

61 

69 


73% 

89 

40 

99 
56 
31 


90 
34 
99 

39 
31 


Relation  of  crop  yields  to  other  factors.  The  average  yields  per 
acre  seem  to  be  about  the  same  regardless  of  the  size  of  farm  (page  425). 
The  yields  are  greater  on  the  more  valuable  land  (page  430).  The  acre- 
age devoted  to  each  crop  and  also  the  yields  per  acre  are  aflfected  by 
soil  type.  The  Volusia  silt  loam  gives  the  lowest  yields  (page  432). 
With  the  exception  of  hay,  the  farms  that  grow  the  largest  area  of  any 
given  crop  get  the  largest  yields.  The  length  of  time  that  the  land  is  in 
hay  does  not  seem  to  have  a  very  decided  effect  on  crop  yields  (page 
452).  The  crop  yields  were  better  on  the  farms  that  had  a  fairly 
definite  rotation  (page  452). 

Crop  rotations.  Practically  all  farmers  raise  their  crops  in  a  more 
or  less  definite  sequence,  but  the  rotations  are  not  by  any  means  fixed, 
nor  arc  the  acreages  grown  from  year  to  year  at  all  uniform.  The  ma- 
jority of  the  farmers  grow  a  decidedly  variable  acreage  from  year  to 
year.  The  farms  are  rarely  divided  into  fields  of  equal  areas.  A  farmer 
may  have  ten  acres  of  oats  one  year  and  twenty  acres  the  following  year, 
not  because  he  chooses  to  vary  the  area  to  this  extent,  but  because  the 
fields  vary  in  size  or  because  of  some  other  chance  condition.  He  may 
have  the  land  in  hay  from  one  to  five  years  or  even  longer. 

A  CR>p  rotation  should  provide  for  the  needs  of  the  farm.  To  do 
this  there  should  l)e  a  constant  acreage  of  each  crop,  year  after  year,  so 
long  as  the  t\  i>e  of  farming  is  not  changed.  It  is  not  sufficient  that  crops 
Ik  rv>taleii.  1  f  the  area  of  hay  is  fifty  acres  this  year  and  twenty-five  next 
yoar.  the  lalK>r  and  equipment  are  not  likely  to  be  used  to  the  best  ad- 
vantage nor  is  there  likely  to  be  a  constant  incxxne.  This  makes  it 
ditKcult  to  plan  ahead. 
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A  limited  number  of  farmers  grow  a  constant  acreage  from  year  to 
year  and  follow  a  definite  rotation.  On  one  of  the  most  successful 
farms  twelve  acres  of  corn  and  fifteen  acres  of  potatoes  are  planted  on 
sod  each  year,  the  corn  for  the  silo  and  the  potatoes  to  sell.    The  next 


Fig.  165. — Cabbages  are  a  profitable  crop  on  some  farms.      When  the  prices  are  good 
they  are  sold,  when  prices  are  low  they  are  used  as  stock  food, 

year  oats  are  grown  on  the  twenty-seven  acres.  Grass  seed  is  sown  with 
fifteen  acres  of  the  oats.  Wheat  follows  the  oats  on  twelve  acres  and 
grass  seed  is  sown  with  the  wheat.  The  land  that  was  seeded  with  oats 
is  left  in  hay  for  three  years;  that  which  is  seeded  with  wheat  is  left 
two  years.  This  gives  twelve  acres  of  corn,  fifteen  acres  of  potatoes, 
twenty-seven  acres  of  oats,  twelve  acres  of  wheat  and  sixty-nine  acres 
of  hay  each  year.  This  furnishes  corn  silage  for  30  cows,  all  the  hay 
required  on  the  farm  and  always  a  little  to  sell,  with  considerable  to  sell 
in  some  years.  It  furnishes  more  than  enough  straw  for  bedding.  The 
wheat  and  potatoes  are  cash  crops. 

There  are  a  considerable  number  of  other  farmers  who  follow  some 
such  definite  plan,  but  the  number  is  not  so  great  as  would  seem  desirable. 
The  usual  rotation  is  to  plant  corn,  potatoes,  or  buckwheat  on  sod. 
These  crops  are  followed  the  next  year  with  oats.  About  two-thirds  of 
the  area  in  oats  is  seeded  with  clover  and  timothy  and  one-third  is 
followed  by  wheat  and  seeding.  The  land  is  left  in  hay  for  an  average  of 
a  little  over  three  years.  There  are  very  many  variations  in  the  prac- 
tice. The  minor  tilled  crops  as  cabbages  and  beans  are  grown  on  sod, 
and  oats  are  sometimes  planted  on  sod 
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l/tirkwheat  J.%  planted  as  a  catcfa-<rop  00  land  ihat  is  too  wet  for 
planting  in  the  spring  and  also  where  a  spring-planted  crop  has  failed 
(ft  where  Mich  a  crop  was  not  planted  because  of  being  behind  with  the 
Spring  work«  7  he  n/tation  on  the  poorer  land  is  commonly  buckwh^: 
or  j^otaf^K-s  <m  nod,  followed  by  oats,  then  by  hay.  The  hay  is  left  down 
un  long  k%  ix;5;Hible. 

(!orn,  jK^tatocft  and  buckwheat  are  nearly  always  followed  by  oats. 
(Occasionally  grasn  Hccd  is  sown  with  buckwheat. 

Wheat  i»  i(wy/n  on  the  better  soils  only.  It  practically  always  follow- 
Oftt«  and  in  followed  by  hay. 

TI1C  farms  wore  sorted  by  the  length  of  time  that  the  land  is  left  in 
hay  in  order  to  see  the  effect  of  this  on  the  yields  of  crops  and  on 
profitM.  The  majority  of  the  farmers  allow  the  hay  to  stand  about  three 
years.  One-liflh  leave  it  a  shorter  period.  About  one-fourth  leave  it 
over  three  years.  Some  farmers  allow  it  to  stand  many  years.  One  in 
ten  leaves  it  over  four  years. 

The  teiif^th  of  lime  that  the  land  is  in  hay  did  not  seem  to  have  much 
elleet  on  the  erop  yields  except  that  the  yields  of  wheat,  hay  and  potatoes 
appear  to  he  slightly  better  with  the  shorter  rotation. 

*rhr  IttUir  inc()mes  of  those  farmers  who  left  the  land  in  hay  about 
tluee  years  were  somewhat  above  the  average. 

\n  attempt  was  made  to  determine  the  effect  of  the  rotation  on  the 
\ield  of  crops,  hut  there  are  too  many  variations  to  allow  of  a  ver>- 
awurate  vStudy.  Those  farmers  who  followed  a  fairly  definite  rotation 
\u\k\  better  crop  yields  tlian  those  who  had  no  definite  rotation. 

A  ji^Hul  five-year  nUation  for  the  Volusia  silt  loam  type  of  soil  is: 

Imi  vt  year  lui  sod :  jxnatiKs  and  buckwheat 

^^ev^MU^  year:  oats  with  gras:;  seeding, 

*rhinl,  foutth  ;\nd  fifth  \-ears:  hay. 

On  thi<  mmK  hay-scciling  should  usually  include  timothy,  red  top. 
rttviko  clover  ;uul  !T\I  clover.  If  clover  fails  to  grow,  it  should  be  omitte- 
\\\\\\\  x\\c  svmI  has  Khmi  Hu^cvl  and  manureiL  In  beginning  such  a  rotador.. 
^v^l^\t^H^v  vhsH^M  t>c  put  v>n  the  host  land  and  should  be  heavily  fertilized  o: 
^r,uur»xNt     I  ^.c  tvvl  farms  on  this  s*.^il  can  grc^w  com. 

A  S'^wl  TV  tAtivMi  for  the  \\>!usia  kvam  and  others  of  the  better  soil 

V'-x?  \x\tr  ^M^  svx!:  o^^ni,  jv^M:v>es  and  cabSage. 

SxW^^x'^  \\\;r:    *v*:ss 

' "'   \'.  \c,;'  *   >\''va:  w':'*  ^tas<  sw^.Vr:^, 

•    \  /  \    'w;  c\ wr  Ji  V.  x'v  Vc  .*.  x'cr     T'v  r.rst  x^ear  tbe  bav  miS  ttsciTv 
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be  half  clover.  The  second  and  third  years  of  hay  will  be  nearly  pure 
timothy.  If  the  farm  is  small  the  rotation  may  be  shortened  to  five  years 
by  leaving  the  hay  down  only  two  years. 

The  use  of  manure  and  fertilizers.  The  farm  manure  is  usually- 
used  on  the  corn  and  potatoes,  but  an  increasing  number  of  farmers  are 
using  it  as  a  top-dressing  on  hay  land.  This' gives  a  very  large  increase 
in  the  hay  crop. 


Fig.  i66. — An  unprofitable  way  of  handling  the  manure. 

The  expenditure  for  fertilizers  is  not  great.  The  average  is  $15 
per  farm.  Most  of  this  is  used  on  potatoes,  oats,  wheat,  and  buckwheat. 
If  all  the  fertilizer  purchased  were  used  on  these  four  crops  it  would 
amount  to  an  average  of  eighty-two  cents  per  acre. 

For  oats,  wheat,  and  buckwheat  a  fertilizer  that  contains  a  large 
amount  of  phosphoric  acid  with  a  medium  amount  of  potash  and  very 
little  or  no  nitrogen  is  commonly  used.  This  seems  to  be  the  most 
profitable  on  these  crops.  Two  hundred  pounds  of  a  2 :  10 :  5  fertilizer 
generally  gives  good  results.  Farmers  usually  use  even  less  nitrogen  than 
this  amount. 

A  similar  fertilizer  is  commonly  used  on  potatoes.  The  writers  would 
recommend  the  use  on  f)otatoes  of  a  much  more  expensive  fertilizer  and 
of  much  more  of  it.  From  500  to  1,000  pounds  of  a  3:  10:  8  fertilizer 
is  recommended  for  trial  on  potatoes. 

Fertilizers  are  not  much  used  on  corn.  This  crop  nearly  always 
receives  barnyard  manure. 
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On  hay,  very  little  fertilizer  is  used  but  the  few  trials  that  have 
been  made  indicate  that  where  there  is  a  good  stand  of  timothy  the  liberal 
use  of  nitrate  of  soda  or  a  fertilizer  rich  in  nitrogen  is  likely  to  pay  very 
well. 

The  figures,  show  that  farmers  who  keep  the  most  stock  also  use 
the  most  fertilizer.  This  suggests  a  fact  that  is  often  observed:  That 
fertilizers  pay  best  on  fairly  good  land. 

Only  a  few  farmers  take  care  of  the  farm  manure.  The  great  ma- 
jority leave  it  exposed  under  the  eaves  until  it  is  half  lost.  This  method 
of  neglect  has  been  handed  down  from  father  to  son.  When  the  land  was 
first  cleared,  manure  was  not  so  much  needed  and  this  method  of  hand- 
ling was  not  so  bad,  but  the  proper  care  and  use  of  manure  is  now  one 
of  the  most  important  problems.  Only  a  few  farmers  have  yet  given  it 
much  attention. 

Not  only  is  much  of  the  manure  lost  before  it  leaves  the  barnyard 
but  much  more  is  lost  after  it  is  hauled.  Frequently  it  is  piled  up  by 
a  field  all  summer.  Half  of  this 'is  usually  lost  before  it  is  spread. 
When  spread  it  is  often  put  in  small  piles  in  the  field  and  then  spread 
from  these  piles.  Here  again  there  is  a  loss  of  manure  as  well  as  a 
waste  of  labor. 

Manure  is  usually  spread  much  too  thickly.  It  should  be  made  to  go 
as  far  as  possible.    Small  applications  made  frequently  are  much  better 


Fig.  167.— Top  dressing  hay  land.     With  a  manure  spreader  it  is  possible  to 
make  a  light  application  and  so  make  the  manure  go  much  farther, 

than  heavy  applications  made  less  often.  Six  loads  per  acre  every  five 
years  are  much  better  than  double  this  amount  half  as  often.  The  chief 
benefit  from  the  use  of  a  manure-spreader  is  that  it  will  give  a  light 
application. 

There  is  an  average  of  4.6  acres  of  tillable  land  for  each  animal  unit 
of  stock  kept  (page  474).    This  means  that  so  far  as  manure  is  con- 
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cerned  there  is  an  average  of  the  equivalent  of  a  cow  for  each  4.6  acres 
of  tillable  land.  If  the  manure  is  well  cared  for  and  spread  thinly  this 
should  give  enough  to  cover  all  the  tillable  land  every  five  years.  But 
there  are  very  few  farms  on  which  the  tillable  land  has  all  been  manured 
during  the  present  generation. 

The  hay  crop.  As  has  been  previously  stated,  hay  is  the  most 
important  farm  crop.  It  occupies  more  than  half  of  the  area  in  crops 
and  produces  a  crop  worth  nearly  as  much  as  the  value  of  all  other 
crops  combined.  The  high  value  that  the  hay  crop  yields  per  acre  and 
the  small  amount  of  labor  that  it  requires  per  acre  make  it  justly  popular. 
On  the  better  soils  it  yields  a  good  profit.  On  the  poorer  soils  it  gives 
some  profit  when  the  crops  that  require  more  labor  do  not  pay. 

Important  as  this  crop  is,  it  rarely  receives  any  care.  Recently  a 
considerable  number  of  men  have  used  manure  as  a  top-dressing  on  new 


Fig.  168. — Timothy  hay,  3.13  tons  per  acre.    Fertilised  as  recommended  below. 

seeding  and  the  resulting  yields  are  large  and  profitable.     Probably  no 
crop  responds  to  manure  more  promptly. 

The  results  on  the  College  farm  indicate  that  an  application  of  nitrate 
of  soda  or  the  use  of  a  fertilizer  very  high  in  nitrogen  will  also  pay  well  on 
hay.  A  mixture  of  200  pounds  of  nitrate  of  soda,  100  pounds  of  acid 
phosphate  and  50  pounds  of  muriate  of  potash  is  recommended  for  trial. 
This  amount  may  be  used  on  one  acre  or  on  two  acres.  Several  years' 
experiments  on  the  farm  at  the  College  of  Agriculture  have  given  large 
profits  with  such  a  treatment.  Co-operative  experiments  scattered  about 
the  State  indicate  that  the  treament  nearly  always  pays  when  there  is  a 
good  stand  of  timothy  and  that  it  is  not  likely  to  pay  unless  there  is  a 
good  stand. 
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There  are  a  number  of  farmers  who  keep  little  stock  and  depend  <» 
hay  for  their  chief  income.  It  would  certainly  pay  such  persons  to  try 
such  a  fertilizer  on  their  best  fields  of  timothy.  It  would,  of  course,  be 
better  to  keep  more  stock,  but  in  many  cases  this  is  not  possible. 

It  is  also  probable  that  hay  land  should  not  be  left  down  more  than 
about  three  years.    It  is  often  left  down  much  longer. 

The  chief  hay  plant  is  timothy.  Red  and  alsike  clovers  are  also  of 
much  importance.  Red  top  and  Canada  blue-grass  are  of  importance  on 
some  of  the  poorest  land.  Alfalfa  is  proving  to  be  successful  on  some 
farms. 

Hay-farming.  Hay  is  one  of  the  most  profitable  cash  crops.  It 
will  be  seen  that  hay  or  potatoes,  or  both,  combined  with  market  milk, 
make  one  of  the  most  profitable  types  of  farming  (page  514).  Some 
farmers  depend  nearly  all  together  on  hay. 

Of  605  farms  operated  by  owners,  seven  sold  over  $1,000  worth  of 
hay.  The  average  labor  income  of  these  men  was  $1,127.  Two  of  them 
had  100  acre  farms  and  made  labor  incomes  of  $1,132  and  $1,437.  The 
other  five  had  large  farms,  and  three  rented  additional  land.  They 
farmed  an  average  of  277  acres  each. 

These  men  are  making  good  profits.  They  are  not  making  provision 
for  keeping  up  the  fertility  of  their  farms,  as  they  do  not  keep  much 
stock  or  buy  much  fertilizer.  Temporarily  this  type  of  farming  is  some- 
times desirable.  A  young  man  who  buys  a  farm  and  has  not  money 
enough  for  stocking  the  place  may  often  find  it  profitable  to  depend  almost 
entirely  on  hay  for  a  year  or  two  until  he  gets  a  start. 

It  seems  possible  that  hay-farming  might  be  made  more  profitable  and 
at  the  same  time  keep  up  the  fertility  of  the  land  by  the  proper  use  of 
fertilizers.  At  Rothamsted,  England,  the  yield  of  hay  has  been  kept  up 
and  improved  for  sixty-six  years  by  using  commercial  fertilizers.  Fer- 
tilizing hay  has  received  almost  no  attention  in  this  county.  The  com- 
bination of  stock  and  hay,  with  fertilizers  on  hay  would  probably  pay  still 
better.  See  page  510.  See  also  farms  No.  3,  page  514,  and  No.  12. 
page  522.  These  are  not  included  with  the  above,  as  one  is  in  a  diflFer- 
ent  township  and  one  is  a  tenant  farm.  See  also  farms  Nos.  4,  7,  and 
8,  pages  515  to  518. 

Clover  failures.  The  failure  of  clover  in  the  southern  part  of  the 
county  is  typical  of  the  hills  of  much  of  southern  New  York.  As  a 
result  of  the  survey  work,  experiments  were  taken  up  to  determine  the 
cause  of  this  failure.  Some  of  the  results  were  published  in  Bulletin  264. 
The  trouble  is  a  lack  of  lime  and  of  manure.  Either  manure  or  lime  will 
aid  in  getting  a  stand  of  clover,  but  for  good  results  both  manure  and 
lime  are  necessary.  Alsike  clover  is  hardier  than  red  clover  and  gives 
better  results  on  these  soils,  but  on  the  poorest  soils  mpn^^^jifl^lime 
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are  necessary  for  the  growth  of  even  this  variety.  The  best  way  to  use 
manure  for  the  benefit  of  clover  on  this  land  is  as  a  light  top-dressing 
at  the  time  of  seeding. 

Alfalfa.  There  are  many  soils  in  the  valleys  and  in  the  northern 
part  of  the  county  that  will  grow  alfalfa.  In  nearly  all  cases  lime- is 
necessary  for  best  results,  as  this  plant  requires  more  lime  than  any 
other  common  farm  crop.  Alfalfa  has  not  been  grown  successfully  on  the 
Volusia  silt  loam  soil. 

Pastures.    The  average  area  of  pasture  per  farm  is  sixteen  acres. 
In  addition  to  this  area  considerable  of  the  hay  land  is  pastured  after 
the  hay  is  cut.   It  is  very 
doubtful     economy     to 
do    much    pasturing  of 
hay      land      unless      it 
is       to       be       plowed. 
If      another     crop     of 
hay    is    to    be    grown, 
the    pasturing    is    quite 
likely    to    reduce     the 
crop.       The     woodlots 
are     also     pastured    to 
a     considerable     extent,  pj^  ieg.—A  side  hill  that  should  be  kept  in  permanent 
which   is   also  a  doubt-  pasture  or  woods. 

ful  economy.    The  pas- 
tures are  used  an  average  of   5.4  months  per  year.     For  suggestions 
on  the  care  of  pastures  see  Bulletin  280. 

Oats.  The  oat  crop  is  second  in  importance.  It  is  a  hardy  crop. 
Good  yields  are  often  secured  on  the  poorer  hill  lands  that  will  grow 
little  other  grain  except  buckwheat  and  rye.  Oats  do  best  if  they 
follow  corn,  potatoes,  or  some  other  tilled  crop,  but  it  sometimes 
pays  to  plant  them  on  sod.  If  planted  on  sod  it  is  of  the  utmost  im- 
portance that  the  oat  land  be  plowed  in  the  fall.  It  is  nearly  always 
best  to  fall-plow  for  oats,  as  otherwise  it  is  usually  not  possible  to  get 
the  crop  planted  early  enough  in  the  spring.  Early  planting  is  one  of 
the  important  factors  in  securing  a  good  crop  of  oats.  Some  farmers 
use  fertilizer  on  oats.  An  application  of  100  pounds  of  bone  meal  or 
150  pounds  of  acid  phosphate  is  worth  trying. 

Mixed  grains.  A  few  farmers  are  growing  mixtures  of  oats  and 
peas,  or  barley,  oats  and  peas,  or  barley  and  oats.  All  of  these  are 
good  combinations  and  seem  to  give  larger  average  yields  than  are 
produced  by  oats  alone.  It  is  probable  that  these  mixtures  should 
be  more  extensively  used. 
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Potatoes.  The  potato  crop  ranks  third  in  value  of  crops,  but  the 
acreage  per  farm  is  very  small,  averaging  1.7  acres.  Of  983  farms 
in  four  townships,  only  33  grew  more  than  5  acres  of  potatoes  and 
only  2  grew  over  10  acres.  Nearly  all  of  the  crop  is  grown  in  this 
small  way  without  any  potato  machinery.  This  makes  the  labor  cost 
high,  but  the  crop  is  usually  a  profitable  one. 

Potato-farming.  Apparently  the .  larger  acreages  are  profitable. 
The  average  labor  income  of  farmers  growing  more  than  five  acres  of 
potatoes    is   $853. 


Fig.  170. — The  Roberts  pasture  at  Cornell  University.  This  field  has  been  0 
permanent  pasture  for  more  than  thirty  years.  The  pasture  contains  a  heavy 
stand  of  grasses  of  various  kinds.  Kentucky  blue-grass  and  white  clover 
are  prominent. 

Of  605  farms  operated  by  owners,  11  sold  over  $500  worth  of 
potatoes.  These  men  made  good  profits.  The  lowest  labor  income 
was  $724  and  the  highest  $2,416;  the  average  was  $1,511.  The  farms 
averaged  141  acres.  An  average  of  6.3  acres  of  potatoes  were  grown 
per  farm,  with  an  average  yield  of  219  bushels  per  acre.  The  average 
receipts  from  the  sale  of  potatoes  were  $732,  which  constituted  24 
per  cent  of  the  total  sales. 

On  nine  of  these  farms  the  most  important  sale  was  milk,  with 
potatoes  second.     Each  of  the  farms  received  some  income  from  hay. 
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grain,  eggs,  or  lambs,  etc.     The  average  labor  income  on  these  farms 

was  $1,575- 

One  farm  of  134  acres  was  a  potato,  hay,  and  grain  farm,  with 
some  sales  of  eggs,  milk,  etc.  This  farm  gave  a  labor  income  of 
$1,649. 

One  farm  of  71  acres  sold  potatoes,  lambs,  hay,  grain,  eggs,  etc., 
and  made  a  labor  income  of  $794. 

On  many  farms  that  have  soils  adapted  to  potatoes,  it  would  seem 
desirable  to   increase  the  area  of  this  crop.     When  the  crop  can  be 


Fig.  171. — The  other  side  of  the  hill  on  which  the  Roberts  pasture  is  located. 
These  two  pastures  represent  the  difference  between  care  and  neglect. 

increased  to  ten  acres  per  farm,  it  will  justify  the  purchase  of  a 
planter,  sprayer  and  digger.  Only  by  growing  a  much  larger  acreage 
per  farm  can  one  afford  this  labor-saving  machinery  that  will  go  far 
toward  making  the  crop  pay.  It  will  also  pay  to  try  much  heavier 
applications  of  fertilizer  (page  453). 

Corn.  Corn  is  grown  for  grain  by  over  two-thirds  of  the  farmers, 
but  the  area  on  each  of  these  farms  is  very  small,  averaging  only  a 
little  over  five  acres.  The  corn  crop  is  usually  manured  and  given 
a  better  chance  than  other  crops.  Weeds  are  one  of  the  most  serious 
hindrances  to  its  growth.  The  small  amount  of  corn  that  is  grown 
has  probably  been  the  cause  of  the  persistence  of  poor  methods  in 
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growing  the  crop.  One  of  the  most  important  points  in  its  culture 
is  the  killing  of  weeds  before  planting  and  after  planting.  The  weeds 
are  commonly  allowed  to  grow  with  the  corn  until  the  first  cultivation. 
It  is  then  too  late  to  kill  them  and  weeds  and  corn  grow  together  all 
the  season.  In  midsummer  a  shovel  plow  is  often  used  in  an  attempt 
to  bury  these  lusty  weeds  that  ought  to  have  been  killed  two  months 
before.  The  shovel  plow  cuts  off  many  corn  roots  and  injures  the 
crop  almost  as  badly  as  the  weeds.  To  keep  the  weeds  down  it  is 
recommended  that  the  field  be  harrowed  or  gone  over  with  a  weeder 


Fig.  172. — A  good  field  of  corn. 

just  before  planting.  After  the  corn  is  up  it  should  be  gone  over 
once  or  twice  with  a  weeder  or  spike-tooth  harrow.  If  this  is  done 
the  corn  can  usually  be  kept  clean  by  shallow  cultivation,  and  the  crop 
will  be  much  better. 

Nearly  all  of  the  corn  grown  for  grain  is  flint  com.  Some  dent 
corn  is  grown,  but  the  flint  varieties  seem  to  be  most  satisfactory. 
Tests  at  the  College  indicate  that  the  King  Phillip  is  one  of  the  best 
varieties. 

One  farmer  in  seven  grows  corn  for  the  silo,  and  on  the  average 
7  acres  of  corn  is  put  in  the  silo  on  each  of  these  farms.  This  will 
probably  give  feed  enough  fof-  15  to  20  cows.  Usually  those  who  have 
silos  have  more  than  the  average  number  of  cows.  It  is.  doubtful 
whether  a  silo  will  pay  if  fewer  than  10  cows  are  kept. 

Dent  corn  is  nearly  always  grown  for  the  silo.  The  seed  for  this 
is  usually  purchased  and  is  not  always  good.     Such  seie<i  should  be 
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tested  before  planting.  Pride  of  the  North  seems  to  be  one  of  the 
best  varieties  for  the  silo.  Some  of  the  larger  flint  varieties  are  prob- 
ably as  good. 

Buckwheat.  The  buckwheat  crop  is  one  of  the  most  profitable 
crops  for  poor  soils  or  on  land  that  is  too  wet  to  plant  early  in  the 
spring.  It  does  not  often  pay  as  well  as  other  crops  on  good  land.  One 
of  the  important  points  that  is  commonly  overlooked  in  growing  buck- 
wheat is  that  the  land  should  be  plowed  as  early  as  possible.    The  yields 


Fig.  173. — 4  9^od  crop  of  winter  wheat. 


are  much  better  if  the  land  is  plowed  six  weeks  before  planting  and  if 
it  is  harrowed  often  enough  to  keep  the  weeds  down.  This  is  also  one 
of  the  best  ways  to  clean  the  land  of  weeds. 

Wheat.  Wheat  is  a  profitable  crop  on  the  better  soils,  particularly 
on  the  clays  or  clay  loams.  It  is  not  only  a  good  crop  for  its  own 
product  but  it  is  one  of  the  best  crops  in  which  to  seed  grass  and  clover. 
This  crop  is  particularly  desirable  as  a  chicken  feed  and  can  usually 
be  raised  much  cheaper  than  it  can  be  bought.  About  half  of  the 
wheat  is  fed  on  the  farms.  This  is  nearly  all  fed  to  chickens.  The 
straw  is  also  needed  for  bedding.    It  is  not  often  sold  but  usually  brines 
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$5  to  $7  per  ton.  It  will  be  noticed  that  the  yield  per  acre  is  much  hight: 
than  the  average  of  the  wheat-growing  states  of  the  West.  The  higher 
yield,  higher  price  and  the  value  of  the  straw  give  this  section  so  great 


Fig.  174. — Some  tobacco  is  grown  in  Tompkins  county,  hut  not  so  m%uh 

CLs  formerly. 


Fig.  17^,— Grapes  are  an  important  crop  on  some  farms. 

Digitized  by  VjOOQIC 


An  Agricultural  Survey 


463 


an  aavantage  that  the  wheat  crop  can  compete  with  the  western  farms. 
The  straw  is  of  little  or  no  value  on  the  wheat  farms  in  the  Central 
West. 

When  both  the  wheat  and  the  grass  seeding  are  considered,  it  is 
likely  that  one  of  the  following  fertilizer  applications  per  acre  will  pay, 
or  a  larger  application  may  be  made.  The  following  are  approximately 
equivalent : 

I.    200  pounds  of  a  2:10:5  fertilizer 

ri20  pounds  of  bone  meal 
'^20  pounds  of  muriate  of  potash 
p25  pounds  of  nitrate  of  soda 
3-1  13s  pounds  of  acid  phosphate 
[  20  pounds  of  muriate  of  potash. 

Miscellaneous  crops.  Many  other  crops  are  grown  in  the  county. 
Apples,  barley,  rye,  pears,  cabbages,  lumber,  telephone  poles,  posts, 
wood,  grapes,  berries, 
truck,  plums,  peaches, 
maple  syrup,  beans, 
nursery  stock,  millet, 
sorghum,  tobacco,  are 
some  of  a  long  list 
that  are  grown.  Few 
of  these  are  produced 
in  large  quantities  by 
many  farmers,  but 
many  of  them  are  of 
great  importance  o  n 
certain  farms.  Apples 
and  pears  pay  well 
when  cared  for.  It 
would  seem  that  these 
should  be  grown  much 
more  extensively. 


Fig.  176. — A  good  young  apple  orchard.  Apples  are 
a  profitable  crop  in  Tompkins  county.  They  are 
a  good  cash  crop  for  dairy  farms. 


THE  FARM  WOODLOT* 
Area  in  Woods.    About  13  per  cent  of  the  farm  land  of  the  county 
is  in  woodlots.     A  considerably  larger  part  of  the  county  is  in  woods, 
as  there  are  some  tracts  of  woodland'  that  are  not  in  farms,  the  owners 
of  which  were  not  seen  (Table  67). 


iThe  discussion  of  woodlots  is  a  summary  of  a  thesis  prepared  by  F.  E.  Rob- 
ertson. 
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Development  of  the  woodlot.  A  little  over  a  hundred  years  ago 
Tompkins  county  was  covered  with  a  dense  stand  of  excellent  virgin 
timber.  This  consisted  of  white  pine,  oaks,  hemlock,  maples,  beech, 
elm,  basswood  and  many  other  species.     In  the  early  days  there  was 


Fig.  177. — The  rough  land  and  hill  tops  should  be  left  iti  woods. 

little  market  for  lumber  and  in  the  haste  to  get  the  land  cleared  for 
farm  purposes  much  of  the  finest  timber  was  burned.  It  is  estimated 
by  men  whose  fathers  settled  the  county  that  fully  60  per  cent  of  the 
virgin  forest  was  cut  and  burned  in  order  to  clear  the  land.     Unfortu- 


TABLE  67.    Area  in  Farm  Woodlots. 


Township. 

Number 
of  farms. 

Average 
size  of 
farms. 
(Acres.) 

Average 

area  of 

woodlots. 

(Acres.) 

Nimiber 

of  farms 

having 

woodlots. 

Average 
area  of 

woodlot 

per  farm 
having 

woodlots. 

(Acres.) 

Total 

area  of 

woodlots. 

(Acres.) 

Ithaca 

Dryden 

Danby 

Lansing 

Groton 

Caroline 

Ulysses 

Enfield 

Newfield 

135 
365 
210 

273 
298 

173 
178 

194 
114 

103 
106 
105 

lOI 

88 
148 

95 
104 
112 

II 

14 
20 
II 
10 
26 
8 
II 
14 

103 
290 

174 
200 
223 

163 

112 

156 

95 

15 
17 
24 
15 
14 
27 
II 

1. 551 
4.933 

2.983 
3.099 
4.423 
1. 361 
2,114 
1.544 

Average  area  of  woodlots,  1,940  farms,  13.5  acres. 

Average  area  of  woodlots,  1,516  farms  having  woods,  17.2  acres. 
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nately,  neither  the  early  or  later  clearing  had  much  reference  to  the 
character  of  the  soil.  Woodlots  are  still  common  on  some  of  the  level 
rich  land;  and  poor  barren  hillsides  that  are  too  steep  for  tilled  crops 
or  even  for  good  pastures  were  cleared.  There  seemed  to  be  no  plan 
or  system  in  clearing  land.  Whether  a  field  was  cleared  or  not  seems 
to  have  been  a  matter  of  chance  rather  than  a  result  of  judgment. 

Prices  of  lumber.    The  *'  log-run  "  prices  of  timber  for  a  number  of 
years  show  how  rapidly  the  price  that  the  lumberman  gets  for  timber 


Fig.  178. — A  stony  hillside.     This  land  has  never  been  plowed  and  should  never 
have  been  cleared.    It  will  grow  trees  better  than  anything  else. 


has  increased.  Not  only  have  the  prices  increased  but  many  kinds  of 
lumber  that  once  had  no  value  now  sell  at  fair  prices.  The  figures  in 
Table  68  give  the  average  prices  obtained  by  examination  of  the  books 
of  some  of  the  oldest  lumbermen.  They  are  for  the  lumber  just  as  it 
comes  from  the  saw-mill,  or  "  log-run  "  prices. 

Present  condition  of  the  woodlots.  The  present  conditions  of  the 
farm  woodlots  in  Tompkins  county  are  representative  of  the  conditions 
of  the  woodlots  in  many  other  counties  in  New  York  State.  They 
might  well  be  described  as  irregular,  detached  pieces  of  woodland,  con- 
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TABLE  68.    Average  **  Log  Run  "  Prices  of  Timber.    Taken  From  Lumbermens* 

Books. 


1843. 

1850. 

i860. 

1870. 

1880. 

1890. 

1900. 

1908. 

White  pine 

16  00 

$S  00 

A   00 

6  00 
10  00 
18  00 
12  00 

7  00 
6  00 

I12  00 
4  66 

7  SO 
12  00 
20  00 
12  50 
12  so 

8  00 

6  so 

7  00 

9  00 

8  00 

I16  66 

6  33 

14  00 

13  33 

20  00 

16  00 

18  so 

9  00 

8  00 

8  00 

12  00 

10  00 

*"*So 
'3  00 

I21  33 
7  00 
IS  33 
14  SO 
22  50 
19  00 
19  SO 
II  00 
10  so 
10  66 
14  00 
14  00 
5  00 

'"so 

3  25 

I24  00 
9  33 
16  00 
IS  33 
22  00 
19  00 
24  00 
12  66 
12  00 

14  66 

15  00 
14  50 

7  00 
28-42C. 
42-58 

'i'oo 

I28  00 

18  33 
26  00 
20  33 
26  50 
IS  66 
14  33 
17  66 

19  50 
17  50 
II  00 

28-4SC. 

4S-60 
I  50 
4  50 

$3S  00 

18  66 

Hemlock 

White  oak 

26  60 

Red  oak 

22    50 
27  33 
26  00 

Hickory 

White  ash 

Cherry 

35  00 
20  66 

Basswood 

Hard  maple '    

Chestnut 

19  (» 
21   33 

20  50 

21  50 
15  00 

30-SOC. 
SO-7S 
2    00 

Elm 

Birch 

Beech 

Chestnut  railroad  ties 

Oak  railroad  ties 

Soft  cord-wood 

Hard  cord-wood 

4   00 

sisting  of  all  sizes  and  ages  of  mixed  deciduous  and  coniferous  species, 
of  first,  second,  and  stump  growths.  They  occupy  no  definite  position  as 
regards  soil  or  altitude.  Steep  hillsides  and  ravines  are  denuded  of  their 
forest  covers,  in  certain  sections,  and  in  other  sections  more  or  less 
thrifty  woodlots  occupy  good  agricultural  land.  They  have  no  definite 
relation  to  the  general  lay-out  of  the  farms.  They  are  composed  of 
dead,  diseased,  young,  mature  and  weed  trees  all  thrown  in  together. 


Fig.  179. — IVeed  trees  left  and  woodlot  cut  with  entire  disregard  for 

future  crops. 
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The  valuable  are  left  to.  struggle  for  supremacy  with  the  useless  but 
hardy  species,  and  in  addition  are  frequently  required  to  withstand  the 
ravages  of  stock.  The  fact  that  useful  woodlots  persist  in  spite  of 
these  conditions  is  evidence  of  the  excellent  adaptation  of  this  region  to 
the  growth  of  trees. 

It  is  a  deplorable  yet  self-evident  fact  that  only  a  few  of  the  farmers 
in  Tompkins  county  have  done  anything  toward  improving  their  wood- 
lots.  When  a  piece  of  land  is  cut  over,  little  attention  is  given  to  saving 
the  young  growth.  Probably  one-third  of  the  woodlots  of  the  county 
are  being  pastured.  Such  land  is  rarely  worth  much  as  a  pasture,  and 
the  stock  greatly  injure  the  woods. 

The  woodlots  are  worth  saving.  Farmers  are  usually  not  aware 
of  the  value  of  their  woodlots.  Estimation  of  the  value  of  standing 
timber  is  not  easy  for  an  experienced  lumberman.  Many  farmers  seem 
to  have  no  idea  of  the  value  of  timber.  The  following  are  a  few  examples 
taken  from  lumbermen's  books: 

EXAMPLE  I. 

A  farm  of  122  acres,  80  acres  of  which  was  woodland  consisting  of 
mixed  hard  and  soft  wood  timber:  oak,  basswood,  hemlock,  maple, 
cherry,  beech,  ash,  birch,  elm. 

Price  paid  for  farm   $  1,75^ 

Proceeds  from  lumber  sales: 

500,000  ft.  mixed  lumber  at  $20.00  per  M 10,000 

500  cds.  slab  wood  at  50c 250 

Resold  farm  with  top  wood 700 

Total  sales $10,950 

Cost  of  cutting  and  marketing   4*250 

Net  sales $6,700 

Cost  of  farm i,750 

Profit $4,950 

EXAMPLE  II. 

A  farm  of  50  acres,  35  of  which  was  of  mixed  hardwood. 

Price  paid  for  farm   $    500 

Proceeds  from  lumber  sales: 

1 10,000  ft.  mixed  lumber  at  $20.00  per  M 2,200 

2,600  R.  R,  ties  at  45c v 1,170 

1,700  R.  R.  ties  at  69c ^  i,i73 
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2,200  fence  posts  at  6c $13- 

150  cds.  slab  wood  at  50c 75 

Resold  lot  with  top  wood  and  chestnut 344 

Total  sales $5,094 

Cost  of  cutting  and  marketing 1,500 

Net  sales 3,594 

Cost  of  farm 500 

Profit $3>094 

EXAMPLE  IlL 

A  lot  consisting  of  16  acres  of  mixed  hardwood. 

Cost  of  lot    $    500 

Proceeds  from  lumber  sales: 

98,000  ft.  mixed  hardwood $1,960 

300  R.  R.  ties  at  s8c 174 

120  cds.  slab  wood  at  soc 60 

Total  sales $2,194 

Cost  of  cutting  and  marketing  900 

Net  sales $1,294 

Cost  of  lot 500 

Profit $794 


Cost  of  putting  lumber  on  the  market.  The  cost  of  putting  lumber 
on  the  market  is  quite  variable,  depending  on  the  kind  of  lumber  and 
the  distance  that  it  must  be  hauled.  The  price  is  constantly  rising  as 
wages  advance.  An  average  of  $10  per  thousand  board  feet  is  perhaps 
a  fair  estimate  for  a  farmer  to  make. 

Most  of  the  timber  cut  in  Tompkins  county  is  sawed  by  portable 
sawmills.  The  lumber  then  has  to  be  hauled  to  market.  The  distance 
to  market  varies  greatly,  but  ordinarily  it  is  two  to  six  miles.  The  esti- 
mated cost  of  cutting  the  timber,  sawing  and  delivering  to  market  is  as 
follows: 
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Cutting  (logs)  per  thousand  feet $    75 

Skidding  to  mill  per  thousand  feet   2  00 

Sawing  per  thousand  feet  3  00 

Sticking  (piling  lumber)  per  thousand  feet  40 

Delivering  to  market  per  thousand  feet 2  00 

Estimated  overrun  per  thousand  feet 35 

Total  expense  per  M.  board  feet    $8  50 


Fia  180. — A  portable  sawmill,  getting  out  lumber  for  new  buildings. 

The  woodlot  now  a  profitable  farm  crop.  As  an  example,  a  farm 
on  the  hill  lands  of  southern  Tompkins  county  consists  of  100  acres,  30 
acres  of  which  is  in  timber.  This  woodlot  was  cut  in  1907  for  the 
third  time  in  90  years.  Each  time  it  has  been  cut  with  entire  disregard 
for  the  future.  The  third  cutting  on  the  30  acres  sold  for  $2,100,  stand- 
ing. In  spite  of  the  present  high  price  of  lumber,  no  attention  was  given 
to  the  future  in  this  cutting.  Young  trees  that  were  scarcely  worth  cut- 
ting, but  that  would  be  valuable  in  10  to  20  years,  were  cut.  Those  that 
were  too  small  to  cut  were  broken  down.  This  is  the  almost  universal 
practice,  in  spite  of  the  profits  that  come  from  such  a  woodlot 
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After  "  skinning  "  the  woodlot,  the  entire  farm  of    100  acres,   with 
buildings,  was  sold  for  $1,400.     This  farm  would  not  rent  for  $r   per 


Fig.  181. — A  valuable  crop  of  white  pine. 


Fig.   182. — White  pines  coming  into  a  pasture. 
acre,  as  indicated  by  the  selling  price.     But,  in  spite  of  the  owners,  it 


has  grown  $70  worth  of  wood  per  acre  since  the  last 
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ago.  If  the  $1  per  acre  rent  were  placed  at  compound  interest  at  5  per 
cent,  it  would  not  amount  to  $70  at  the  end  of  30  years.  In  other 
-words,  the  wood  land  pays  better  than  the  farm  land.  If  the  wood  land 
were  given  a  very  little  attention  in  cutting,  so  as  to  maintain  a  stand 
of  the  best  kinds  of  trees,  the  returns  could  probably  be  doubled. 

As  another  example,  in  the  township  of  Danby,  a  lot  consisting  of 
35  acres  composed  of  mixed  hardwood  was  cut  and  the  net  proceeds 
from  the  timber  sales  amounted  to  $4»938.  Men  who  knew  the  history 
of  this  woodlot  asserted  that  75  per  cent  of  the  wood  had  grown  in  the 


Fig.  183. — A  pastured  woodlot.    Too  many  trees  for  a  pasture  and  too  few  for 
woods.    Either  the  trees  or  the  stock  should  he  removed. 


past  22  years.  That  is,  the  lot  was  cut  over  22  years  ago  and  the 
greater  part  removed.  According  to  these  estimates,  $3,704  of  timber 
grew  on  the  35  acres  in  22  years.  This  is  $106  per  acre  or  $4.82  per 
acre  per  year.    This  land  would  not  sell  for  over  $15  per  acre. 

These  examples  are  fairly  typical  of  southern  New  York  wood- 
lots.  Neither  of  them  received  any  care.  If  the  diseased  trees  and 
weed  trees  had  been  cut  and  the  woodlot  looked  after  as  a  farm  crop, 
the  income  would  have  been  much  greater. 

These  profits  are  based  on  what  is  made  when  lumber  is  sold,  but 
the  chief  use  of  a  woodlot  is  to  supply  posts  and  lumber  for  farm  pur- 
poses.   If  lumber  and  posts  have  to  be  purchased,  they  usually  cost  much 
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more  than  is  received  for  those  that  are  sold.     So  that  the  profits  will 
be  much  greater  than  those  given  above. 

Suggestions  on  the  care  of  woodlots.  The  first  thing  to  consider 
in  the  management  of  a  woodlot  is  to  decide  where  one  is  wanted. 
There  are  some  areas  of  land  now  in  woodlots  that  are  so  rich  and 
valuable  that  it  may  be  best  to  cut  the  wood  and  use  the  land  for  pas- 
ture and  later  clear  it.  On  other  farms  there  is  cleared  land  that  is 
of  little  value  and  that  had  best  be  set  to  trees.    On  still  other  farms  the 


Fig.  184. — An  unpastured  woodlot  just  over  the  fence  from  fig.  183,    An 
excellent  stand  of  white  pine. 

woodlot  is  alt-eady  in  the  right  place.  If  it  has  been  decided  that  a 
woodlot  is  desired  in  a  certain  place,  this  area  should  be  devoted  to 
woods.  It  should  not  be  pastured.  If  it  is  needed  for  pasture  it  will 
pay  better  to  devote  half  of  it  to  pasture  and  half  to  woods.  The  pas- 
ture part  will  then  be  gradually  cleared,  leaving  only  enough  trees  for 
shade.  Half  the  area  devoted  entirely  to  woods  will  probably  grow  as 
much  wood  as  the  entire  area  will  if  pastured.  It  is  poor  economy  to 
try  to  grow  trees  and  grass  on  the  same  land. 

After  the  area  to  be  devoted  to  woods  has  been  determined,  the 
woods  should  be  looked  on  as  a  regular  farm  crop.  The  dead  trees, 
the  ill-shaped  trees,  and  the  undesirable  kinds  should  be  cut.  The  open 
spaces  should  be  planted  with  good  kinds  of  trees.  Nearly  all  of  this 
work  can  be  done  in  winter  or  at  other  times  when  little  or  no  work 
would  otherwise  be  done.  The  planting  can  be  done  very  rapidly  and 
at  small  cost. 
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White  pine,  chestnut,  and  black  locust  are  the  most  desirable  trees  to 
plant.  White  pine  will  grow  well  in  most  of  southern  New  York.  Chest- 
nut is  particularly  adapted  to  the  poor  soils.  Black  locust  is  good  for 
posts.  It  is  sometimes  attacked  by  borers.  It  may  not  be  quite  so  good 
for  the  poorer  land  as  chestnut.  The  State  encourages  this  planting  by 
furnishing  trees  at  cost.  Directions  for  planting  are  sent  with'  the  trees. 
For  these  trees  address  the  State  Forester,  Albany,  N.  Y. 

When  the  woodlot  is  cut  the  young  trees  should  be  saved  so  far  as 
possible,  and  those  that  are  not  of  fair  size  should  be  left  for  future 
years. 

Some  suggestions  as  to  public  policy  in  relation  to  forests.  The 
question  of  forest  taxation  is  important.  It  would  seem  more  reasonable 
if  some  plan  could  be  devised  that  would  exempt  all  forest  land  from 
taxation  until  the  trees  are  cut.  Such  a  law  would  unquestionably  re- 
sult in  the  planting  of  large  areas  of  land  to  trees.  If  such  a  law  is 
made,  the  minimum  acreage  to  which  it  is  to  apply  should  be  small 
enough  so  that  a  farmer  might  receive  this  encouragement  to  set  trees. 
Forests  on  farms  are  worth  much  more  than  forests  off  some  where, 
because  when  grown  the  lumber  is  near  where  it  is  to  be  used. 

Another  factor  that  is  worth  considering  is  the  question  of  county  or 
city  ownership  of  forests.  In  many  of  the  counties  of  New  York 
there  are  farms  that  should  never  have  been  cleared.  To  re-forest 
these  lands  is  such  a  long-time  investment  that  individuals  hesitate 
to  do  it.  If  counties  or  cities  should  purchase  and  re-forest  some 
of  these  areas  it  is  probable  that  the  next  generation  who  are  to 
pay  the  bonds  that  we  are  now  voting  for  all  kinds  of  purposes  might 
have  an  easy  means  of  raising  the  revenue. 

AMOUNT  OF  LIVE  STOCK  KEPT 

Animal  unit  defined.  In  order  to  have  some  basis  for  comparing 
the  amount  of  stock  kept  on  farms,  all  kinds  of  stock  were  reduced  to 
their  approximate  equivalent  in  cows. 

Comparison  was  made  on  the  basis  of  feed  consumed  and  value  of 
manure  produced.  For  instance,  7  average  sheep  eat  about  as  much 
feed  as  a  cow,  and  produce  about  the  same  value  of  manure.  The 
manure  is  dryer  so  that  it  weighs  less.  One  cow,  bull,  steer  or  horse 
was  counted  as  one  animal  unit.  Two  calves,  heifers  or  colts  were 
counted  as  one.  Seven  sheep,  14  lambs,  5  hogs,  10  pigs,  100  chickens 
were  each  counted  as  an  animal  unit.  By  adding  up  the  various  kinds  of 
stock  in  this  manner  it  is  possible  to  compare  the  amount  of  stock  on 
different  farms. 
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Each  farmer  was  asked  his  opinion  as  to  the  relative  amount  of 
feed  given  to  his  horses,  cows  and  sheep.  Some  farmers  feed  thdr 
cows  more  than  their  horses,  but  the  majority  feed  a  little  more  to  a 
horse  than  to  a  cow.  The  average  estimate  was  that  6.78  sheep  receive 
as  much  feed  as  one  cow. 

Average  number  of  animal  units.  On  the  farms  operated  by 
owners,  there  were  14.5  animal  units  per  farm.  That  is,  the  total  stock 
kept  per  farm  would  probably  consume  about  as  much  feed,  and  pro- 
duce about  as  much  manure,  as  14  or  15  cows.  This  gives  an  average 
of  7.2  acres  of  land  for  each  animal  unit.  The  tenant  farms  carry 
more  stock.  They  have  an  average  of  22  animal  units  per  farm  or  one 
animal  unit  for  each  5.9  acres  of  land.  For  farms  operated  by  owners 
there  were  an  average  of  5  tillable  acres  per  animal  unit.  For  all  farms 
there  were  an  average  of  4.6  tillable  acres  per  animal  unit. 

Relation  of  soil  to  amount  of  stock  kept.  The  better  soils  have  a 
little  more  stock  per  acre,  but  do  not  have  much  more  per  farm.  On 
the  Volusia  silt  loam  there  were  8.5  acres  of  land  for  each  animal  unit. 
The  differences  are  not  so  great  per  tillable  acre  (Table  69). 


TABLE  69.    Relation  of  Soil  to  Amount  of  Stock  Kept.  Owners  and  Tenants. 


Soil  Type. 


Animal 

Acres 

units 

per 

per 

animal 

farm. 

unit. 

13 

8.5 

15 

6.6 

12 

7-7 

16 

5  9 

13 

7-5 

Tillable 

acres  pt  r 

animal 

unit. 


.  Volusia  silt  loam 

Volusia  loan? 

Dunkirk  stony  clay .  . . 
Dunkirk  combinations. 
Miami  stony  loam . . . . 


5  9 
49 
57 
41 
6? 


Feed  purchased  and  raised.  Of  the  grain  fed  on  the  farms,  22  per 
cent  is  purchased,  and  of  the  hay  only  1.5  per  cent  is  purchased.  The 
value  of  grain  purchased  per  farm  is  %77  and  of  grain  raised  and  fed 
on  the  farm  $271,  making  a  total  value  for  grain  feed  per  farm  of 
$348.  The  total  value  of  hay  feed  per  farm  is  $416,  of  which  only  $6 
worth  is  purchased.  The  average  value  of  all  hay  and  grain  used  on 
the  farms  for  feeding  is  $764  (Table  70).  Hay  is  54  per  cent  and  grain 
46  per  cent  of  this  value. 

Feed  per  animal  unit.  The  average  value  per  animal  unit  of  all 
grain  fed  on  the  farms  is  $22.38,  and  of  all  hay  $25.83,  making  a  total 
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of  $48.21  for  grain  and  hay  (Table  70).    If  all  of  the  pasture,  straw, 

fodder,  stover  and  silage  are  included,  the  total  cost  of  feed  per  animal 

unit  is  about  $59  to  $60. 

TABLE  70.    Feed. 
Grain  per  farm: 

Raised $271 

Purchased 77 

Total $348 

Hay  per  farm: 

Raised $410 

Purchased 6 

Total $416 

Total  grain  and  hay  per  farm $764 

Average  feed  per  animal  unit: 

Grain $22  38 

Hay 25  83 

Total $48  21 

The  above  figures  do  not  include  the  value  of  pasture,  straw,  fodder,  stover  or  silage. 
If  all  of  these  are  included  the  total  value  of  feed  per  animal  tmit  would  be  about  $59 
to  $60. 

CATTLE 

Number  of  cattle.  Practically  every  farrper  keeps  cows.  The 
statistics  of  stock  were  tabulated  for  605  farms  operated  by  owners. 
The  tenant  farms  were  not  tabulated  as  other  tabulations  indicate  that 
they  would  likely  not  change  the  averages  much.  The  tenant  farms 
are  a  little  better  stocked. 

All  but  6  of  the  605  farms  had  at  least  i  cow.    The  farms  had  an 
average  of  7  cows,  i  heifer  and  i  calf  per  farm.      There  was  an  aver-  * 
age  of  a  little  more  than  i  bull  for  each  three  farms,  or  an  average 
of  I  bull  for  each  20  cows.    One  cow  is  kept  for  each  15  acres  of  land. 

Forty-nine  per  cent  of  the  farms  had  5  cows  or  less,  43  per  cent 
had  6  to  15  cows,  6  per  cent  had  16  to  25  cows  and  only  2  per  cent  had 
over  25  cows. 

On  these  605  farms,  there  were  16  less  cattle  on  April  i,  1908,  than 
on  April  1st  of  the  previous  year.  The  number  of  heifers  increased 
but  all  the  other  cattle  decreased  in  number.  This  shows  that  there  was 
practically  no  change  in  the  dairy  business  during  the  year. 

Value  of  cattle.  The  average  values  per  head  were:  cows,  $40; 
heifers,  $21 ;  calves,  $10;  bulls,  $31. 

The  average  value  of  cows  is  increasing.  The  increase  from  April 
I,  1907,  to  April  I,  1908,  was  an  average  of  $1  per  head.  Since  that 
time  the  prices  have  risen. 
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TABLE  71.    Number  and  Value  of  Cattle.   605  Farms  Operated  by  Owners. 


April  i,  1907. 

April  i,  1908. 

Num- 
ber. 

Value. 

Average 
value. 

Num 
ber. 

Value. 

Average] 
value. 

* 

Cows 

662 
158 
222 

$173,942 

1^.377 

6,318 

6,705 

6,803 

$40 
21 
10 
42 
31 

4.214 
1,014 

579 
121 
205 

$172,322 

20,730 

5.648 

6,615 

$41 
20 

Heifers 

Calves 

10 

Steers 

41 
32 

Bulls 

Total 

6,149 

$210,145 

6.1'*'*  1  ^210.260 

The  average  value  of  cattle  per  farm  was  $347.  This  represents 
6  per  cent  of  the  total  capital. 

Sales  and  purchases  of  cattle.  Some  farmers  buy  their  cows,  but 
most  of  the  farmers  in  this  section  raise  them.  An  average  of  i 
heifer  is  raised  per  farm  each  year,  or  i  heifer  is  raised  for  each  7 
cows  kept.  This  would  indicate  that  the  cows  live  an  average  of  9 
years,  and  that  the  average  cow  is  milked  about  7  years.  Deducting 
the  number  of  cows  and  heifers  purchased  from  the  number  sold  and 
died  leaves  639  disposed  of,  or  an  average  of  i  cow  or  heifer  per  farm 
is  disposed  of  each  year.  This  checks  with  the  other  figures  that  indicate 
that  I  heifer-calf  is  raised  each  year. 

TABLE  72.    Sales,  Purchases  and  Deaths  of  Cattle  Prom  April  i,  1907  to  April 
I,  1908.      605  Farms  Operated  by  Owners. 


Sales. 

Purchases. 

Num 
ber 
died. 

Num- 
ber. 

Total 
value. 

Average 
value. 

Num- 
ber. 

Total 
value. 

Average 

value. 

Cows     

712 

125 

3.481 

128 

95 

$23,956 

2,962 

24.156 

6,954 

2,761 

$34 

24 

7 

54 

29 

215 
40 

429 
30 
21 

$7,700 

862 

885 

1.037 

515 

$36 
22 

2 
35 
25 

^6 

Heifers        

Calves 

38 

Steers 

Bulls     

J 

Total 

A.   ^J.1    i<sfin .780 

735 

$10,999 

'^     "  ^ 
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Death  and  depreciation  of  cattle.  The  losses  by  death  among  cows 
average  12  per  thousand  and  among  heifers  8  per  thousand. 

The  greatest  loss  on  cows  is  not  from  death  but  from  depreciation 
in  value  of  the  cows  that  are  sold  for  beef.  The  average  price  at  which 
cows  were  sold  was  $6  per  head  below  the  average  value  of  cows.  Only 
32  per  cent  of  the  total  loss  was  from  deaths. 

The  deaths  and  decreased  value  of  cows  sold  would  indicate  that 
if  the  price  of  cattle  does  not  change,  the  depreciation  and  loss  on  cows 
is  4  per  cent  per  year.  This  is  a  very  low  figure  but  is  accounted  for 
by  the  low  value  of  the  cows.  They  are  worth  nearly  as  much  for  beef 
as  for  milk.  With  more  valuable  cattle  the  depreciation  would  be  much 
more.  For  example,  if  cows  were  worth  $100  for  milk,  but  the  beef 
value  and  other  conditions  were  not  changed,  the  depreciation  would 
be  12  per  cent. 

CATTLE  PRODUCTS 

Amount  and  kinds  of  products  sold.  Forty-five  per  cent  of  the 
farmers  sold  butter,  34  per  cent  sold  to  creameries,  22  per  cent  sold 
market  milk  to  be  shipped  to  New  York  or  to  be  retailed  by  a  local 
m.ilkman,  2  per  cent  retailed  their  milk. 


TABLE  73.  Cattle  Products.     605  Farms  Operated  by  Owners. 


Product. 

Number 
of  farms 
selling. 

Per  cent 

of 
farms. 

Total 
value 
sold. 

Per  cent 

of  total 

sales. 

Market  milk 

133 
205 

22% 
34 

"'45*" 

2 

$84,442 
82.249 

49.914 
35.700 

25.517 
38 

30'^c 

Creamerv  milk 

30 

Stock* 

18 

Butter 

274 

II 

2 

13 

Milk  retailed 

9 

Cheese  and  buttermilk 

._ 

Average  number  of  cows 

Total  sales  of  milk  and  butter,  etc 

Average  sales  of  milk  and  butter  per  cow . . . 

Total  sales  milk,  butter  and  cattle 

Average  total  sales  per  cow 

Average  total  sales  per  farm 

Average  total  sales  per  $1  invested  in  cattle . 


^  4.279 
$227,946 

53 
277,860 

65 
459 
I  32 


^  The  total  sales  were  $60,789.  There  was  an  increase  of  $124  in  the  inventory.  From 
the  sum  of  these  figures  is  deducted  the  total  purchases  of  $10,999  to  get  the  receipts 
from  stock. 
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The  number  of  cows  per  herd  was  lowest  on  those  farms  that  sold 
butter,  higher  for  creamery  milk,  still  higher  for  •  market  milk,  and 
highest  on  those  farms  from  which  milk  was  retailed. 

Of  the  total  receipts  from  cattle  products,  30  per  cent  came  from 
market  milk,  30  per  cent  from  creamery  milk,  18  per  cent  from  the  sale 
of  stock,  13  per  cent  from  butter  and  9  per  cent  from  retail  milk. 

The  net  sale  of  stock  amounts  to  a  large  item.  Nearly  one-fifth 
of  the  total  dairy  receipts  came  from  stock  sold  above  the  value  of  stock 
purchased.  Nearly  half  of  the  total  sales  of  stock  came  from  the  sale 
of  calves. 

Proportion  of  farm  receipts  derived  from  cattle.  The  average  re- 
ceipts per  farm  operated  by  owners  were  $1,146  in  addition  to  the  value 
of  all  stock  purchased.  Of  this  amount,  35  per  cent  came  from  the  sale 
of  crops,  33  per  cent  from  the  sale  of  milk  and  butter,  and  7  per  cent 
from  the  net  sales  of  cattle;  or  40  per  cent  of  the  total  receipts  came 
from  cattle. 

Prices  of  products.  The  average  prices  received  were  as  follows : 
Market  milk  2.8c  per  quart,  milk  sold  to  creameries  $1.42  per  100 
pounds,  milk  retailed  6c  per  quart,  butter  26  cents  a  pound.  These 
were  the  usual  units  in  which  milk  was  sold  for  the  different  purposes. 
When  another  unit  was  used,  as  market  milk  selling  by  the  100  pounds, 
the  price  was  changed  to  the  equivalent  price  as  here  given. 

Receipts  per  cow.  The  receipts  from  the  sale  of  milk  and  butter 
averaged  $53  per  cow.  The  net  sales  of  calves  above  purchases  averaged 
$5  per  cow.  Or  the  total  receipts  from  milk,  butter  and  calves  aver- 
aged $58  per  cow.  This  is  in  addition  to  the  milk  and  butter  that  was 
kept  for  home  use,  and  to  the  value  of  milk  used  for  feed  for  hogs 
and  poultry. 

In  Livingston  county  it  was  found  that  th€  average  amounts  fur- 
nished by  the  farm  for  household  use  were  731  quarts  of  milk  and  134 
pounds  of  butter.  Probably  a  little  less  is  used  in  Tompkins  county  as 
the  families  are  smaller.  If  the  same  amounts  had  been  kept  for  home 
use  on  the  Tompkins  county  farms,  the  value  would  have  been  about 
$8  per  cow.  This  would  make  the  total  product  from  each  cow  about 
$66  or  about  one  and  one-half  times  the  value  of  the  cow. 

The  net  cattle  sales  aside  from  calves  were  $7  for  each  cow  kept. 
These  can  scarcely  be  credited  to  cows  but  if  so  credited  would  give 
a  total  receipt  from  all  sales  of  milk,  butter  and  cattle  of  $65  per  cow, 
in  addition  to  the  milk  and  butter  used  in  the  household. 
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The  total  sales  of  cattle  and  cattle  products  amounted  to  $1.32  for 
each  dollar  invested  in  cattle.  ' 

Production  per  cow.  The  sales  of  butter  and  milk  were  all  con- 
verted into  their  approximate  equivalents  in  pounds  of  milk.  This  gave 
an  average  of  3,699  pounds  of  milk  per  cow  in  addition  to  new  milk  used 
to  feed  calves  and  milk  and  butter  used  by  the  family.  After  allowing 
for  the  amounts  used  in  the  family,  based  on  figures  previously  given, 
and  allowing  for  new  milk  fed  to  calves,  it  is  evident  that  the  produc- 
tion per  cow  is  between  4,100  and  4,500  pounds.  The  average  production 
per  cow  on  farms  selling  market  milk  was  about  5,500  pounds. 

A  STUDY  OF  HERDS  WITH  SIX  OR  MORE  COWS 
Sisc  of  Herds, 

Number  of  herds  of  each  size.  Of  605  farms  operated  by  owners, 
298  had  less  than  6  cows,  263  had  6  to  15  cows,  34  had  16  to  25  cows 
and  10  had  over  25  cows ;  or  only  8  per  cent  of  the  farmers  had  more 
cows  than  one  man  ordinarly  milks  and  cares  for,  and  only  2  per  cent 
kept  more  cows  than  ordinarily  require  two  men. 

The  average  value  ^er  cow  is  greatest  in  the  largest  herds.  The 
cows  in  the  herds  of  6  to  15  averaged  $39  in  value,  those  in  herds  of 
over  25  averaged  $55. 

The  receipts  per  cow  are  about  one-third  more  in  the  large  herds 
than  in  the  small  ones.  Only  those  farmers  with  small  herds  can  afford 
to  keep  poor  cows.  Those  with  large  herds  must  keep  good  cows.  A 
small  loss  per  cow  on  a  few  cows  is  easily  made  up  by  profits  on  hay 
or  some  other  crop,  but  the  same  loss  on  a  large  number  of  cows  would 
mean  failure. 

Cattle  Products  on  Farms  with  Six  or  More  Cows. 

Comparison  of  the  kinds  of  products  sold.  All  the  farms  having 
6  or  more  cows  were  used  in  making  a  comparison  of  the  kinds  of 
products  sold.  If  50  per  cent  or  more  of  the  cattle  product  was  sold 
as  market  milk,  creamery  milk,  retail  milk,  butter,  or  as  veal  calves, 
the  farm  was  classified  under  the  corresponding  head.  If  no  one  of 
these  products  was  half  of  the  total  receipts  per*  cow,  the  farm  was 
classed  as  miscellaneous. 
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The  chief  dairy  product  was  milk,  sold  to  a  creamery,  on  137  farms ; 
market  milk,  either  shipped  to  New  York  or  sold  to  a  local  retailer. 


Fig.  186. — A  milk  and  pump  house. 

89  farms;  butter,  51  farms;  milk  retailed  by  the  farmer,  10  farms;  veal 
calves,  9  farms.  On  11  farms  no  one  of  these  products  amounted  to 
half  of  the  total  (Table  74). 

TABLE  74.    Relation  of  Kind  of  Dairy  Product  to  Other  Factors. 
296  Farms,  with  Six  or  More  Cows,  Operated  by  Owners. 


No. 

of 

farms. 

Aver- 
age 
size. 

Aver- 
age 
cap- 
ital. 

Aver- 
age 

No.  of 

cows 
per 

farm. 

Aver- 

value 
per 
cow. 

Receipts  per  Farm  from— 

Chief  Product 
.Sold. 

Mar- 
ket 
milk. 

Cream- 
miSc. 

But- 
ter. 

Retail 
mUk. 

Cattle. 

Hogs. 

Market  milk. 

Creamery  milk 

Butter 

89 
137 
SI 

ID 

9 

Acres. 
133 
123 
128 
174 
114 

$6,807 
5. 814 
6,263 

IS,SI3 
6,341 

13. 02 

9-95 

8.52 

20.70 

7.39 

I46 

38 

39 
49 
36 

1845 
I 

"1^22' 
8 

$S 

4 

319 

4 

33 

U'/sAi 

I103 

.11 
Hi 

I18 
SS 
49 

Milk  retailed 

10 

Veal  calves 

7 

192 

Relation  of  kind  of  product  to  size  of  herd.  Butter  is  mostly  pro- 
duced by  small  herds  (Table  74).  The  farmers  who  retail  their  milk 
have  large  herds.  To  retail  milk  profitably  requires  that  a  full  load  be 
hauled.  The  average  number  of  cows  on  the  farms  which  retail  milk 
is  21,  three  times  as  many  as  the  average  of  all  farms.  The  area  of 
these  farms  is  also  greater,  174  acres,  and  the  total  capital  is  nearly 
three  times  as  much  as  that  on  the  average  farm. 


16 
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Relation  of  kind  of  product  to  receipts  per  cow.  The  farms  that 
retail  the  milk  of  course  have  the  largest  receipts  per  cow.  The  re- 
ceipts per  cow  on  such  farms  are  $57  more  than  the  receipts  per  cow 
on  farms  that  sell  market  milk  at  wholesale.  This  gives  $1,197  more 
receipts  per  farm  than  the  average  man  who  sold  milk  at  wholesale 
received  from  the  same  number  of  cows.  The  larger  part  of  the  dif- 
ference is  the  pay  for  retailing  milk  and  for  all  the  other  expenses  that 
go  with  the  retail  business.  It  is  evident  that  these  men  do  not  receive 
exorbitant  pay  for  the  use  of  a  man  and  team  for  365  days.  Probably 
this  would  not  pay  were  it  not  that  many  of  these  men  buy  additional 
milk  to  be  retailed. 

Market  milk  seems  to  pay  fairly  well.  Most  of  this  was  shipped  to 
New  York  city.  The  receipts  per  cow  were  $80  (Table  75).  The  aver- 
age value  of  feed  per  cow  was  about  $60  (Table  70).  This  leaves  the 
manure  and  about'  $20  per  cow  to  pay  for  the  labor,  use  of  barn,  haul- 
ing milk,  interest  on  investment,  etc.  When  the  milk  can  be  hired 
hauled,  or  if  the  time  spent  in  hauling  is  not  too  great,  this  fonn  of 
dairying  is  profitable  in  Tompkins  county  when  combined  with  general 
farming,  but  it  is  easy  to  turn  the  profit  to  a  loss  if  a  farmer  hauls 
milk  far  and  does  not  have  a  full  load. 


TABLE"75.    Relation  of  Kinds    of    Dairy  Products  to  Receipts  Per  Cow 
296  Farms,  with  Six  or  More  CoWs,  Operated  by  Owners. 


Receipts  per  Cow  from— 

Sales  of 
hogs 
per 
cow. 

Chief  Product  Sold. 

Milk 

and 

butter. 

Net 
sales  of 
cattle. 

Milk, 
butter 

and 
cattle. 

Market  milk 

»7i 

123 

5 

$9 
8 

14 
14 

44 

$80 
61 
52 

137 
49 

$2 

6 

Creamery  milk 

Butter 

6 

Milk  retailed 

I 

Veal  calves 

« 

*  Receipts  from  hogs  are  not  included  as  there  is  little  or  no  Aiilk  for  hogs  on  these 
farms. 

The  average  receipts  per  cow  on  farms  selling;  creamery  milk  were 
$61  (Table  75).  This  allows  practically  nothin'/;  but  the  manure  for 
the  labor,  etc.  In  order  to  make  a  profit  on  crear/ery  milk  it  is  necessary 
to  have  better  cows  than  the  average.  It  may  be  said  that  the  farmers 
make   money  on  the   hogs   raised   on   the   ?kimmed   milk.     Only   part 
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of  them  get  back  skimmed  milk.  If  the  total  sales  of  hogs  are  credited 
to  cows,  it  amounts  to  only  $6.  Certainly  the  hogs  get  something  be- 
sides milk,  so  that  they  do  not  bring  up  the  profits  much. 

For  herds  containing  a  Holstein  bull  and  mostly  Holstein  grade 
cows  the  receipts  per  cow  were  $85  for  those  selling  market  milk,  and 
$68  for  those  selling  creamery  milk. 

The  receipts  per  cow  on  farms  that  made  butter  were  only  $52, 
The  receipts  from  hogs,  of  which  only  a  fraction  can  rightfully  be  cred- 
ited to  cows,  do  not  increase  this  much.  The  average  value  of  hogs  sold 
on  these  farms  was  only  $6  per  cow.  The  total  receipts  per  cow  are 
not  quite  enough  to  pay  for  the  feed.  To  pay  for  the  use  of  barn, 
interest  on  cows,  all  the  labor  of  caring  for  the  cows,  making  and  market- 
ing the  butter,  there  is  only  the  manure.  This  makes  very  expensive 
manure. 

Relation  of  kind  of  product  to  labor  income.  The  above  conclu- 
sions are  verified  by  the  average  labor  incomes  made  by  the  farmers 
in  each  of  these  groups  (Table  76). 

TABLE  76.    Relation  of  Kind  of  Dairy  Products  to  Profits.  296  Farms,  with 
6  or  More  Cows,  Operated  by  Owners. 


Chief  Product  Sold. 

Average 

labor 
income. 

Market  milk 

$622 

Creamery  milk 

510 
«729 

Butter 

Milk  retailed 

Veal  calves 

^  One  farm  is  not  included  in  this  average,  because  a  large  part  of  the  profits  were 
due  to  the  sale  of  cattle. 

•  One  farm  is  not  included  in  this  average,  because  its  profits  were  due  mostly  to 
sheep,  apples  and  pigs. 

The  average  labor  income  of  farmers  whose  chief  dairy  product  was 
butter  was  $243, —  much  less  than  a  hired  man's  wages.  Of  51  such 
farms  with  6  or  more  cows,  only  five  made  labor  incomes  as  high  as 
$600.  Of  these  five  men,  four  made  their  labor  incomes  from  crops  and 
one  from  teaming.  In  no  case  were  the  cows  of  much  help.  On  two  of 
the  farms  the  cows  were  a  decided  burden.  The  profits  on  the  few  suc- 
cessful farms  on  which  butter  is  made  are  due  to  other  causes  than  cows. 

The  average  labor  income  of  those  who  sold  milk  to  creameries 
was  $510.  Those  who  sold  market  milk  made  an  average  labor  income 
of  $622.     Thirty-nine  per  cent  of  those  who  sold  market  milk  made 
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labor  incomes  of  over  $600;  only  29  per  cent  of  those  who  sold 
milk  to  creameries  made  over  $600.  Retail  milk  seems  to  pay  a  lit- 
tle better  than  market  milk,  although  only  one  of  the  twelve  most  prof- 
itable farms  in  the  county  retailed  milk.  Veal  calves  paid  well  on  one 
farm,  but  were  not  generally  very  profitable. 

Receipts  per  cow. 
Variation  in  receipts  per  cow.  From  about  half  of  the  herds  of 
6  or  more  cows,  not  enough  products  were  sold  to  pay  for  the  feed 
they  consumed.  The  value  of  feed  per  animal  unit  was  about  $60 
(Table  70).  The  receipts  per  cow  were  over  $75  in  28  per  cent  of  the 
herds,  and  in  11  per  cent  they  were  over  $100  per  cow  (Table  77). 


TABLE  77.    Receipts  per  Cow  Related  to  Value  of  Cows.  307  Farms,  with  6 
OR  More  Cows,  Operated  by  Owners. 


Receipts  Per  Cow. 


Number 
of 

Average 
number 

Average 
value 

Average 
receipts ' 

farms. 

cows,  '08. 

per 

per 

cow,  '08. 

cow. 

18 

7 

$34 

$22 

97 

9 

37 

42 

106 

10 

40 

62 

53 

12 

44 

86 

33 

15 

53 

121 

Per 

cent 

of  value 

of 

cow. 


$30  or  less 
31-  50.. 
51-  75.. 
76-100. . 
Over  100. 


65% 
114 

155 
195 
228 


Receipts  per  cow  related  to  value  of  cows.  The  value  per  cow 
increases  with  the  receipts  per  cow  (Table  77),  This  would  be  expected 
but  the  increase  is  not  so  great  as  might  be  anticipated ;  it  is  not  in  pro- 
portion to  the  increase  of  receipts.  In  those  herds  with  $30  or  less  re- 
ceipts per  cow,  the  receipts  are  65  per  cent  of  the  average  value  of  the 
cows.  In  the  herds  with  receipts  of  $31  to  $50  per  cow,  the  receipts 
are  114  per  cent  of  the  value  of  the  cows.  The  per  cent  increases  in 
each  succeeding  group,  finally  reaching  228  per  cent  in  the  group  of 
herds  producing  over  $100  receipts  per  cow.  This  means  that  poor  cows 
are  expensive  and  good  cows  are  cheap  for  dairy  purposes.  Cows  of 
poor  quality  are  comparatively  high-priced  because  of  their  beef  value, 
and  they  should  be  turned  into  beef.  Their  price  is  held  up  by  their 
beef  value  rather  than  by  their  dairy  value. 

Receipts  per  cow  related  to  profits.  The  farmers  who  keep  the 
best  cows  make  the  largest  labor  incomes  (Table  78).  With  cows  pro- 
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ducing  $30  or  less  receipts,  the  labor  income  was  $30.  The  farmers 
who  milked  such  cows  received  $30,  besides  the  privilege  of  caring  for 
the  cows,  as  pay  for  their  year's  work. 


TABLE  78.    Receipts  Per  Cow  Related  to  Profits.  307  Farms,  with  6  or  More 

Cows,  Operated  by  Owners. 


Receipts  Per  Cow. 


Labor 
income. 


(30  or  less 
,31-  50.. 

!  51-  75.. 
76-100. . 

Over  100 


$30 
316 

483 

715 

i»325 


The  farmers  whose  cows  produced  less  than  $50  worth  of  products 
failed  to  make  the  wages  of  hired  men.  With  receipts,  jf  over  $100 
per  cow  the  labor  incomes  averaged  $1,325. 
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Fig.  187. — Good  cows  are  one  of  the  essentials  for  highest  profits. 

The  variations  in  profits  are  shown  in  Table  79.  Of  the  farmers  who 
kept  cows  producing  $30  or  less  receipts  apiece,  44  per  cent  made  less 
than  $1  labor  income  and  none  made  over  $1,000.     But  of  those  who 
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kept  the  best  cows,  none  made  labor  incomes  of  less  than  $1  and  52 
per  cent  made  over  $1,000. 

TABLE  79.    Receipts  Per  Cow  and  Variation  in  Profits.  307  Farms,  with  6  or 
More  Cows,  Operated  by  Owners. 


Receipts  Per  Cow. 

Per  cent  of  Farmers 

IN  Each  Group 

Making — 

Less 
than  |i 

labor 
income. 

Over 

|i,ooo 

labor 

income. 

f>><jrle88 

44% 

? 

2 
0 

0% 

2 
7 

52 

31-50 

51-  75 [ 

76-100 , 

Over  100 

Breeds 

The  records  of  all  farms  with  6  or  more  cows  were  sorted  by  breed 
of  cowsf.  Each  breed  was  divided  into  three  groups.  The  first  group 
consists  of  pure-bred  herds  in  which  the  bull  and  most  of  the  cows  were 
pure-breds.  The  second  group  includes  those  herds  headed  by  a  pure- 
bred bull  and  of  which  the  cows  were  mostly  grades.  The  third  group 
includes  herds  in  which  a  grade  bull  is  used.  Herds  containing  more 
than  one  breed  were  not  used. 

In  the  majority  of  cases  the  herds  consisted  of  common  and  mixed 
stock.  In  a  few  cases  the  information  on  breed  is  not  complete.  Out 
of  307  herds,  116  are  classified. 

Number  of  pure-bred  herds  and  herds  with  pure-bred  bulls.  Only 
6  pure-bred  herds  are  included:  2  Holstein,  3  Jerseys  and  i  Guernsey. 
Forty-six  grade  herds  with  pure-bred  bulls  are  included.  Of  these, 
34  are  Holstein,  5  Jersey,  3  Durham,^  2  Guernsey  and  2  Brown  Swiss. 

The  number  of  pure-bred  herds  is  too  small  for  a  comparative  study 
of  breeds,  so  the  pure-breds  and  grades  of  each  breed  are  combined 
and  in  the  following  discussions  are  classed  under  the  breed  name. 

Breed  and  number  of  cows.  Of  the  116  herds,  67  are  Holstein  or 
Holstein  grades ;  30  are  in  the  Jersey  class  and  10  in  the  Durham  class 
(Table  80).  Nearly  two-thirds  of  all  the  cows  on  these  farms  are  in 
the  Holstein  group.  A  little  more  than  one-fifth  are  in  the  Jersey  group. 
The  number  of  cows  per  herd  is  also  largest  in  the  Holstein  class. 

>  The  Shorthorn  cattle  In  this  county  are  descended  from  early  importations  and  are  quite  different 
from  the  modem  beef  type.     The  farmers  indicate  this  distinction  by  calling  them  DurhanvlQQ  [^ 
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TABLE  80.    Breed  and  Other  Factors.  116  Farms,  with  6  or  More  Cows, 
Operated  by  Owners. 


Breed. 


Number 

Niunber 

of 

of 

farms. 

cows. 

67 

930 

30 

320 

5 

60 

ID 

103 

3 

32 

I 

II 

Number 

of  cows  • 

per 

fanii. 


Hc^tein  group .  .  . . 

Jersey  group 

Guernsey  group .  .  . 
Durham  group .  . . . 
Brown  Swiss  group 
Ayrshire  group 


14 
II 
12 
10 
II 
II 


Relation  of  breed  to  kind  of  product  sold.  The  uses  of  the  breeds 
are  shown  in  Table  81.  The  principal  product  of  the  Holsteins  is  market 
milk.  Market  and  retail  milk  furnishes  56  per  cent  of  the  total  receipts 
from  Holsteins,  creamery  milk  31  per  cent,  and  stock  13  per  cent.  The 
Jerseys  are  used  mostly  in  the  production  of  creamery  milk  and  butter, 
74  per  cent  of  the  total  receipts  coming  from  these.  The  Durhams 
show  the  largest  receipts  from  the  sale  of  stock. 

TABLE  81.    Relation  of  Breed  to  Kind  of  Product  Sold.    116  Farms,  with 
6  or  More  Cows,  Operated  by  Owners. 


Breed. 


Per  cent  of  Receipts  From. 


Market 
milk. 


Cream- 
ery 
milk. 


Retail 
milk. 


Butter. 


Stock. 


Total 

re- 
ceipts 
from 
cattle. 


Holstein  group. . . . 

Jersey  group 

Guernsey  group. . . 
Durham  group .... 
Brown  Swiss  group 


40% 

4 

o 
22 

6 


31% 
48 
47 
42 
o 


16% 
8 

43 

o 

60 


26% 
o 

16 
17 


13% 
14 

ID 
20 
17 


$81,015 

19,716 

4,681 

7.631 
3.204 


*  Less  than  0.5  per  cent. 

Relation  of  breed  to  value,  receipts  per  cow,  and  profits.    Compar- 
ing the  Holstein,  Jersey  and  Durham  groups,*  which  consist  mostly  of 


*The  number  of  cows  in  each  of  the  other  groups  is  not  large  enough  to  make 
their  averages  reliable. 
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grades,  the  Holstein  cows  have  the  highest  value  and  the  Durhams  the 
lowest.  The  average  value  per  cow  is  for  Holsteins  $49,  Jerseys  $41, 
Durhams  $39  (Table  82). 

The  average  receipts  per  cow  are  $25  greater  in  the  Holstein  group 
than  in  the  Jersey  group.  The  Jerseys  are  producing  a  comparatively 
small  margin  of  income  above  the  cost  of  feed.  The  average  receipts 
per  cow  of  the  Holsteins  are  $87,  Durhams  $74  and  Jerseys  $62. 

The  labor  income  of  farmers  who  keep  Holsteins  and  Holstein 
grades  is  also  largest.  The  average  labor  income  for  the  Holstein  group 
is  $798,  Jersey  group  $481  and  Durham  group  $469. 


TABLE  82.    Relation  of  Breed  to  Receipts  Per  Cow  and  Profits.  116  Farms 
WITH  6  or  More  Cows,  Operated  by  Owners. 


Breed. 


Receipts  Per  Cow. 

Value 
per 

1 

cow. 

Prom 

milk 
and 

From 
stock. 

Total. 

butter. 

$49 

$76 

In 

$87 

41 

53 

9 

62 

39 

59 

15 

74 

Labor 
income. 


Holstein  group 
Jersey  group . . 
Durham  group 


I798 
481 
469 


These  differences  are  not  wholly  due  to  the  breed.  The  Jerseys  are 
used  for  the  production  of  creamery  milk  and  butter,  which  do  not  pay 
so  well  as  market  milk.  Butter-making  on  the  farm  does  not  seem  to 
pay  in  this  county.  Any  breed  that  is  used  for  this  purpose  must,  there- 
fore, make  a  poor  showing.  Practic^illy  no  butter  was  sold  from  Hol- 
stein herds. 

The  average  labor  income  of  29  farms  in  the  Holstein  group  that  sold 
market  milk  was  $851. 

Perhaps  the  fairest  comparison  is  of  the  herds  selling  milk  to  cream- 
eries. The  average  receipts  per  cow  from  30  Holstein  herds  selling 
to  creameries  were  $68  and  from  17  Jersey  herds  $52.  For  farmers 
in  the  Holstein  group  selling  milk  to  creameries  the  labor  incomes  aver- 
aged $645  and  for  those  keeping  Jerseys  $473- 

Breed  related  to  calves  per  cow.  The  number  of  calves  produced 
above  those  that  died  or  were  eaten  was  calculated  for  each  breed  group. 
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and  divided  by  the  number  of  cows  on  hand  April  i,  1907.  The  Hoi- 
stein  cattle  produced  .88  calves  per  cow,  the  Jerseys  .78,  and  the  Dur- 
hams  .68. 

Number  ot  pure-bred  bulls.  On  April  i,  1907,  there  were  174  bulls 
on  the  307  farms  having  6  or  more  cows  per  farm.  Of  these,  51,  or  29 
per  cent,  were  pure-bred.  Thirty-six  were  Holsteins,  8  Jerseys,  3  Dur- 
hams,  2  Guernseys  and  2  Brown  Swiss.  The  average  value  of  the  pure- 
bred bulls  was  $55  and  of  the  others  $24. 

Relation  of  pure-bred  bull  to  receipts  per  cow  and  profits.  Of  the 
farmers  who  had  mostly  Holstein  grade  cows,  34  had  pure-bred  Hol- 
stein  bulls  and  31  had  grade  Holstein  bulls.  The  average  receipts  per 
cow  were  $89  for  the  herds  with  pure-bred  bulls  and  $63  per  cow  for 
herds  with  grade  bulls.  The  farmers  who  kept  the  pure-bred  bulls  had 
an  average  labor  income  of  $1,012,  those  who  kept  grade  bulls  averaged 
$396.  The  differences  are  due  chiefly  to  the  receipts  per  cow  but  in 
part  to  the  fact  that  those  with  pure-bred  bulls  kept  larger  herds  and 
had  larger  farms. 

TABLE  83.    Relation  of  Pure-bred  Bull  to  Receipts  Per  Cow  and  Profits. 
65  Holstein  Grade  Herds. 


Grade 
bull. 


Number  of  herds 

Number  of  cows  per  farm 

Receipts  per  cow  from  milk  and  butter 

Receipts  per  cow  from  cattle 

Receipts  per  farm  from  cattle 

Labor  income 


HORSES 

Number  and  value  of  horses.  On  605  farms  operated  by  owners, 
there  were  1855  horses,  195  colts,  and  5  mules  on  April  i,  1907.  This 
gives  an  average  of  3  horses  per  farm.  There  is  an  average  of  36  acres 
per  horse  or  an  average  of  25  tillable  acres  per  horse  (Table  84). 

The  investment  in  horses,  colts,  and  mules  is  6.6  per  cent  of  the 
average  total  farm  investment.  It  is  a  little  greater  than  the  invest- 
ment in  cattle.  For  each  acre  of  farm  land  there  is  invested  an  average 
of  $3.39  worth  of  horses. 
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TABLE  84.    Numbers  and  Values  of  Horses.  605  Farms  Operated  by  Owners. 


Number 
of  farms 
report- 
ing. 

April  i,  1907. 

April  i,  1908. 

Num- 
ber. 

Value. 

Aver- 
age 
value. 

Ntmi- 
ber. 

Value. 

Aver- 
value. 

xiorses.  •.>.......■.... 

605 
155 

4 

1855 

195 

5 

$206,170 

16,560 

1,000 

$111 

85 
200 

1850 

252 

9 

$213,675 

25,212 

1,275 

$116 
100 

Colts ; . . 

Mules 

142 

Total 

2055 

$223,730 



2111 

$240,162 

Working  oxen 

8 

16 

$980 

$61 

18 

$1,255 

$70 

The  total  number  of  horses,  mules,  and  colts  on  the  farms  increased 
by  56  during  the  year.  The  average  value  per  head  also  increased. 
The  increase  in  value  is  due  partly  to  a  rise  in  the  price  of  horses  and 
partly  to  an  improvement  in  the  quality  of  the  farni  horses.  This  is 
in  line  with  all  the  other  figures,  showing  a  slight  improvement  in  all 
conditions  on  the  farms.     Fifty  horses  died  during  the  year. 

TABLE  85.    Sales  and  Purchases  of  Horses.  605  Farms  Operated  by  Owners. 


Sales. 

Purchases. 

Num- 
ber. 

Value 

Average 
value. 

Num- 
ber. 

Value. 

Average 
value. 

xiorses 

83 
20 

$7,762 
i»7i5 

% 

102 
12 

$14,605 
820 

$143 
68 

Colts 

A  few  working  oxen  are  still  kept.  There  were  4  ox  teams  on  these 
farms  at  the  beginning  of  the  year  and  9  at  the  end  of  the  year. 

Colts  raised.  A  total  of  103  horses  and  colts  were  sold  during  the 
year  and  there  were  on  hand  52  more  at  the  end  of  the  year  than  at 
the  beginning.  A  total  of  114  were  purchased.  This  indicates  that  these 
farmers  produced  41  more  colts  than  enough  to  keep  up  the  number  on 
farms  (Table  85). 

We  did  not  ask  the  number  of  colts  raised,  but  the  figures  available 
would  seem  to  indicate  that  167  were  raised  during  the  year.    This  would 
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be  one  colt  raised  for  each  11  horses.  This  is  probably  the  first  time 
in  many  years  that  the  farms  of  this  section  have  produced  enough  colts 
to  supply  the  farm  needs.  Since  these  figures  were  taken,  the  breeding 
of  mares  has  increased.  The  production  of  horses  is  not  yet  great 
enough  to  supply  the  needs  of  both  towns  and  farms. 

The  character  of  the  colts  raised  is  improving  and  is  probably  bet- 
ter than  this  section  ever  raised  before.  But  the  colts  are  very  much 
inferior  to  those  raised  in  the  Central  West. 

There  are  only  a  few  good  draft  stallions  in  the  county,  but  the 
number  is  increasing.  The  tendency  to  consider  speed  is  still  prevalent. 
Good  draft  mares  that  should  be  bred  to  a  good  Percheron  stallion  or 
to  some  other  draft  breed  are  bred  to  light  trotting  horses.  The  low 
prices  that  are  secured  for  such  colts  will  stop  this  practice  in  time,  but 
many  farmers  lose  considerable  money  while  learning  from  experience 
that  the  good  sized  mares  should  be  bred  to  good  draft  stallions. 

Relation  of  horses  to  profits.  Horse-drawn  machinery  is  gradually 
increasing  the  area  which  one  man  farms.  The  economical  use  of 
horses  and  machinery  is  a  large  factor  in  determining  the  profits  of  the 
farmer.  The  most  profitable  farms  have  more  and  better  horses  and 
are  also  raising  more  colts  than  the  less  profitable  farms  (Table  86) : 


TABLE  86.    Relation  of  Horses  to  Profits.  605  Farms  Operated  by  Owners. 


Labor  Income. 


Horses 

Value 

per 

per 

farm 

horse 

1908. 

1908. 

2.7 

$107 

2.9 

114 

3.5 

124 

4-5 

128 

Colts 
per 
farm 
1908. 


$200  or  less 

201-  600 

601-1000 

Over  1000 


.2 

.5 
.5 
•  7 


Five  seems  to  be  a  good  number  of  horses  for  a  well-organized 
farm.  This  allows  two  teams  with  an  extra  horse.  It  of  course  calls 
for  larger  farms  than  the  average,  but  this  size  of  farm  and  equipment 
seems  to  be  the  most  efficient.  (For  a  further  discussion  of  this  subject, 
see  size  of  farm,  page  414.) 

Cost  of  horse  labor.  Horses  must  be  looked  upon  in  a  different 
way  from  other  stock.  Cows  are  kept  for  their  product  in  milk  and 
calves,  horses  for  their  labor.  Few  if  any  persons  in  this  country  keep 
horses  primarily  for  the  production  of  colts.    The  problem  is  not  how 
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to  make  money  on  raising  horses,  but  how  to  reduce  the  cost  of  the  horse 
labor.  There  are  three  ways  in  which  the  cost  of  horse  labor  may  be 
reduced :  Cheap  horses  may  be  used,  colts  may  be  raised,  or  the  horses 
may  be  used  more  effectively. 

Farm  horses  work  a  very  small  fraction  of  the  time.  On  a  number 
of  farms  in  Minnesota  the  horses  were  found  to  work  an  average  of 
about  three  hours  per  day.  Figures  from  a  few  farms  in  New  York  give 
about  the  same  average.  This  does  not  require  so  good  a  horse  as  is 
needed  in  cities  where  the  work  is  more  constant.  Many  farms  have 
reduced  the  cost  of  horse  labor  by  using  cheap  horses. 

Another  way  of  reducing  the  cost  is  to  raise  colts.  These  farms 
raised  enough  colts  to  a  little  more  than  keep  up  the  horses  so  that  there 
was  a  small  income  from  horses.     Raising  colts  does  or  should  more 


Fig.  i8S.—The  kind  of  mares  that  it  pays  to  breed, 

or  less  eliminate  the  use  of  cheap  horses,  as  good  mares  should  be  used 
for  breediog.  Under  usual  conditions  it  would  seem  that  no  high  priced 
horses  except  brood  mares  should  be  kept  on  farms,  and  that  these 
should  be  good  ones.  In  this  way  two  methods  of  reducing  the  cost  of 
horse  labor  are  combined.  Good  colts  are  raised  and  the  animals  that 
do  not  raise  colts  require  a  smaller  investment. 

A  third  way  of  reducing  the  cost  is  by  using  horses  more  effectively. 
On  the  larger  farms  one  horse  farms  three  times  as  many  acres  as  on 
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the  smaller  farms,  and  yet  as  good  crops  are  produced.  Horses  cannot 
often  be  used  effectively  if  the  farm  or  the  fields  are  too  small. 

If  there  is  profitable  work  for  a  larger  part  of  the  year  this  also 
reduces  the  cost. 

It  would  seem  that  all  these  ways  might  well  be  combined.  This  is 
what  is  done  on  some  of  the  more  profitable  farms.  The  farms  are 
large  enough  to  give  more  work  for  each  horse,  the  products  grown  are 
so  diverse  as  to  give  work  for  a  longer  season,  colts  are  raised  and  the 
horses  that  do  not  raise  colts  are  moderate  priced  ones. 


SHEEP 

Number  and  value  of  sheep.  Of  605  farms  operated  by  owners, 
178  or  29  per  cent  kept  sheep.  There  was  an  average  of  26  sheep  in 
each  flock.  Only  14  of  these  farms  had  flocks  of  50  or  more.  Sheep 
are  nearly  always  kept  as  a  side  line.  There  were  only  4  farms  that 
derived  a  large  proportion  of  their  income  from  sheep. 

The  average  value  per  head  was  $6.59. 

During  the  year  there  was  a  slight  decrease  in  the  number  of  sheep 
kept.    The  industry  appears  to  be  about  holding  its  own  (Table  87) : 


TABLE  87. 


Numbers  and  Values  of  Sheep.  605  Farms  Operated  by  Owners,  178 
OF  Which  Had  Sheep. 


April  i,  1907. 

April  i,  1908. 

Number 
died. 

Number. 

Value. 

Average 
value. 

Number. 

Value. 

Average 
value. 

Sheep 

4.281 
429 

128,550 
1,208 

$6  67 

2  82 

4.247 
533 

127,677 
1,916 

$6  52 
3  59 

168 

Lambs 

84 

Total 

4,710 

1^29,758 

4.780 

I29.593 

Sales  and  purchases  of  sheep  and  wool.  The  chief  income  from 
sheep  is  derived  from  the  sale  of  lambs.  Of  the  grass  income  per  sheep, 
$3.52  came  from  net  sales  of  lambs  (sales  and  increased  inventory  above 
purchases),  $1.50  from  wool,  and  $0.16  from  net  sales  of  sheep;  or 
68  per  cent  of  the  receipts  came  from  the  sale  of  lambs,  29  per  cent  from 
wool,  and  3  per  cent  from  net  sales  of  sheep. 

The  average  gross  receipts  per  sheep  were  $5.18.  This  is  75  cents 
for  each  dollar  invested  in  sheep  and  lambs. 
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TABLE  88.    Sales  and  Purchases  of  Sheep  and  Wool.  605  Farms  Operated  by 
Owners,  178  of  Which  Had  Sheep. 


Sales. 

Purchases. 

Wool. 

Num 
ber. 

Value. 

Aver- 
value. 

Num- 
ber. 

Value. 

Aver- 
age 
value. 

Pounds 
sold. 

Value. 

Aver- 
v3ue. 

Sheep 

667 
2,759 

$2,727 
14.379 

$4  09 
5  21 

217 

2 

$1,190 
15 

$548 
7  50 

25.645 

$6,427 

$025 

Lambs 

Total 

3.426 

$17,106 

.... 

219 

$1,205 

.... 

TABLE  89.    Sheep  Averages. 
605  Farms  Operated  by  Owners,  178  of  Which  Kept  Sheep. 

Average  number  of  sheep  per  farm  having  sheep 

Average  number  of  lambs  raised  per  sheep 

Average  number  of  lambs  sold  per  sheep 

Average  value  of  lambs  sold  per  sheep 

Average  net  sales  of  sheep  and  lambs  per  sheep 

Average  pounds  of  wool  per  sheep 

Average  value  of  wool  per  sheep 

Average  gross  income  per  sheep  from  wool  and  meat 

Average  gross  income  per  dollar  invested  in  sheep  and  lambs 


24 
.78 

.  '^^ 
$3.36 
$3-68 

5-99 
$1  50 
$5.18 

$.75 


The  wool  production  averaged  5.99  pounds  per  sheep  and  sold  for 
an  average  of  25  cents  per  pound  (Tables  88  and  89). 

Depreciation  of  sheep,  and  lambs  raised  per  sheep.  The  deaths 
among  sheep  averaged  39  per  thousand,  while  the  deaths  among  cows 
averaged  only  12  per  thousand.  It  is  evident  that  most  of  the  cows  are 
sold  for  beef  before  they  die,  but  that  a  larger  number  of  the  sheep 
are  lost. 

The  loss  from  decrease  in  value  of  sheep  sold  is  greater  than  the 
losses  from  deaths.  The  average  price  of  sheep  sold  was  $2.50  below 
the  average  value  of  sheep.  Probably  part  of  this  is  due  to  shearing 
before  selling  but  more  of  it  is  due  to  selling  old  sheep.  This,  together 
with  the  deaths  of  sheep  would  give  a  depreciation  and  loss  of  10  per 
cent  as  contrasted  with  4  per  cent  for  cows. 

The  average  number  of  lambs  raised  per  sheep  above  those  that  died 
or  were  eaten  was  .78.  In  some  flocks  the  number  of  lambs  raised  will 
average  over  1.5  per  sheep. 
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Kinds  of  sheep.  The  majority  of  the  sheep  are  Shropshire  grades 
'With  considerable  Merino  blood  mixed  in.  There  are  only  a  few  pure- 
bred sheep  of  any  kind.  Only  a  few  men  give  their  sheep  much  care 
or  attention.    They  are  grazed  during  nearly  all  the  year  when  there  is 


Fig.  189. — Shropshire  and  Shropshire  grade  sheep  are  most 
numerous  in  this  county. 

no  snow  on  the  ground.     Spring  lambs  are  raised.     Occasional  farmers 
sell  winter  lambs. 

Farms  with  fifty  or  more  sheep.  There  were  fourteen  farms  with 
50  or  more  sheep.  The  largest  number  was  250.  The  average  number 
on  the  14  farms  was  85  sheep.  The  sheep  on  these  farms  produced  the 
same  as  the  average  sheep.  The  average  number  of  lambs  raised  per 
sheep  was  .78.  The  wool  sold  for  $1.52  per  sheep.  The  net  sales  of 
lambs  and  sheep  were  $3.66  per  sheep. 

In  appears  that  in  the  cases  of  sheep  and  hens,  the  larger  numbers 
per  farm  do  not  result  in  larger  production  per  individual;  with  cows, 
the  larger  numbers  go  with  increased  production. 

On  six  of  these  farms,  at  least  one-fourth  of  the  receipts  came  from 
sheep.  On  only  one  farm  were  half  of  the  receipts  derived  from  sheep. 
On  only  one  of  the  fourteen  farms  did  sheep  seem  to  pay.  (See  No.  9, 
page  519.) 

Two  farms  with  less  than  50  sheep  made  good  profits  on  sheep.  See 
No.  27,  page  533,  and  No.  33,  page  535.  Farm  No.  7,  page  517,  also 
made  good  profits  on  sheep.  This  farm  is  in  a  diflferent  township.  On 
some  other  farms  with  small  numbers  of  sheep,  the  sheep  paid. 

Comparative  receipts  from  sheep  and  cattle.  Each  farmer  who 
kept  sheep  was  asked  to  give  his  estimate  of  the  number  of  sheep  that 
could  be  kept  on  the  same  amount  of  feed  as  that  required  for  one  cow. 
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The  average  of  these  estimates  gave  6.78  sheep  as  the  number  that  eat 
as  much  as  one  cow.  This  number  of  sheep  were  worth  a  little  more 
than  one  cow.  The  sheep  gave  a  gross  income  of  75  cents  for  every 
dollar  invested  in  sheep  and  lambs.  The  gross  income  per  dollar  in- 
vested in  cattle  was  $1.32.  The  gross  receipts  from  6.78  sheep  aver- 
aged $35.  The  gross  receipts  per  cow  averaged  $65.  Of  course  the 
amount  of  labor  that  the  cattle  require  is  much  greater. 


Fig.  igo.—A  field  of  rape  grown  for  sheep.   . 

Relation  of  sheep  to  profits.  The  proportion  of  farms  keeping 
sheep  and  the  number  of  acres  per  sheep  are  nearly  constant  in  the 
different  labor  income  groups.  More  sheep  are  kept  on  the  farms  with 
large  labor  incomes,  but  only  in  proportion  to  the  larger  acreage. 

The  farmers  making  the  largest  labor  incomes  do  not  get  much  more 
wool  per  sheep  nor  are  their  sheep  worth  much  more  per  head.  But 
the  number  of  lambs  raised  per  sheep  is  decidedly  different.  Profits 
from  sheep  seem  to  depend  mostly  on  success  with  lambs.  Only  .68 
lambs  were  raised  per  sheep  on  the  farms  making  $200  or  less  labor 
income.  The  number  increases  to  1.02  lambs  per  sheep  on  the  farms 
making  over  $1,000  labor  income. 
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TABLE  90.    Profits  and  Shbep.  178  Farms  With  Sheep. 


Labor  Income. 


Size 

Value 

Receipts 

Wool 

of 

per 

per 

per 

flocks. 

sheep. 

sheep. 

sheep. 

22 

t^SS 

$3  97 

5.8  lbs. 

21 

632 

5  23 

6.2 

27 

6  64 

5  17 

5-5 

40 

785 

761 

6.5 

Lambs 

per 
sheep.. 


$200  or  less 
201-  600 
601-1,000 

Over   1,000 


.68 

•75 

.81 

1.02 


As  shown  above,  only  29  per  cent  of  the  total  receipts  from  sheep  is 
from  wool,  while  68  per  cent  is  from  lambs.  In  this  county,  it  is  evi- 
dently more  important  that  sheep  be  prolific  than  that  they  produce  much 
wool.  High  production  of  both  lambs  and  wool  should  be  sought  but 
lambs  should  have  the  first  consideration.  If  sheep  are  to  pay  in  this 
county  they  must  be  very  much  better  than  the  average. 

POULTRY 

Number  and  value  of  poultry.  On  April  i,  1907,  there  were,  on 
an  average,  78  fowls  of  all  kinds  worth  $41  on  farms  operated  by  owners. 
The  next  year  there  were  not  quite  so  many  but  their  value  was  a  little 
greater.  The  total  number  of  hens  April  i,  1907,  on  these  605  farms  was 
46,895,  of  turkeys  188,  ducks  122,  geese  12,  guineas  2  (Table  91).  Poul- 
try represents  only  0.74  per  cent  of  the  total  capital  invested  in  farm 
property. 

TABLE  91.    Number  and  Value  of  Poultry.  605  Farms  Operated  by  Owners. 


Kind. 

1907. 

1908. 

Number. 

Value. 

Number. 

Value. 

Hens 

122 

12 

2 

$24,503 
462 

68 
20 

I 

45.883 

197 

89 

15 

2 

$25,002 
480 

57 
22 

Turkeys 

Ducks 

Geese 

G^itneas                  

I 

Total 

47.219 

78 

$25,054 
41 

46,186 
76 

$25,562 
4.2 

Average  per  farm 

I   Average  value  per  hen,  1907,  fifty  two  cents;  1908,  fifty  four  cents. 
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Sales  and  purchases.  Twenty-three  head  of  poultry  worth  $13 
were  sold  on  the  average  from  each  farm.  The  purchases  amounted  to 
less  than  one  fowl  per  farm  (Jable  92)  : 


TABLE  92.    Poultry  Sold  and  Purchased. 

605  Farms  Operated  by 

Owners. 

* 

Sales. 

Purchases. 

Kind. 

Number. 

Value. 

Average 
value. 

Nimiber. 

Value. 

Hens 

12,542 

801 

496 

63 

$6,128 

1.524 
270 

91 

$0  49 
I  90 

54 
I  44 

233 
8 

2 

2 

$124 

Turkeys 

16 

Ducks 

I 

Geese 

3 

Total 

13.902 
23 

$8,013 
13 

245 
.4 

$144 

Average  per  farm 

.24. 

Eggs.  The  average  number  of  eggs  sold  per  farm  was  363  dozen 
or  4.74  dozens  per  hen.  The  values  were  $79.70  per  farm  and  $1.04  per 
hen.    The  average  price  was  22  cents  per  dozen. 

The  investigations  on  cost  of  living  on  farms  in  Livingston  count}' 
show  that  an  average  of  20.6  dozens  of  eggs  are  consumed  per  individual 


Fig.  191. — Hens  are  an  important  minor  source  of  income, 

on  farms.  On  this  basis,  about  88  dozens  would  be  consumed  per  farm 
in  Tompkins  county.  Adding  the  eggs  eaten  to  the  eggs  sold  gives  ap- 
proximately 5.9  dozens  of  eggs  laid  by  each  hen  above  those  used  for 
hatching. 

Digitized  by  VjOOQIC 


An  Agricultural  Survey 


499 


The  average  egg  production  is  very  low,  principally  because  im- 
proper feed  and  care  are  given  to  the  hens.  Usually  they  afe  left  to 
shift  for  themselves.  It  is  a  frequent  opinion  among  farmers  that  the 
hens  do  not  pay.  Consequently  grain  is  fed  very  sparingly.  More  eggs 
can  be  obtained  )by  proper  feeding.  Some  farmers  obtain. an  average  of 
over  lo  dozen  eggs  per  hen  and  do  it  at  a  profit. 

Receipts  from  hens.  In  addition  to  supplying  eggs  and  meat  for 
family  use,  the  hens  furnished  8  per  cent  of  the  total  farm  receipts. 
The  receipts  from  hens  average  $90.45  per  farm  or  $1.18  per  hen.  Of 
this,  88  per  cent  comes  from  eggs  and  12  per  cent  from  the  net  sales 
of  hens  and  chickens  (Table  93).  It  is  evident  that  eggs  are  the  more 
important  consideration  in  this  county.  This  is  generally  recognized  and 
the  Leghorn  breeds  are  most  popular. 


TABLE  93.    Receipts  From  Hens.  605  Farms  Operated  by  Owners. 


Receipts. 

Total. 

Per  farm. 

Per  hen. 

Net  sales  of  hens  and  chickens 

16,503 

48,221 

$10  75 
79  70 

lo  14 
I  04 

Sales  of  eggs 

Total  receipts 

154.724 

>90  45 

$1   18 

12  per  cent  from  net  sales 


More  and  higher  priced  hens  are  kept  on  the  profitable  farms  than 
on  the  less  profitable. 

Farms  with  200  or  more  hens.  There  were  20  farms  operated  by 
owners  on  which  200  or  more  hens  were  kept.  The  largest  number  on 
any  one  farm  was  363.  The  average  number  was  244.  The  receipts  from 
eggs  averaged  $270  and  from  poultry  $32.  This  gives  an  average  of 
$1.11  per  hen  for  eggs  and  total  receipts  of  $1.23  per  hen.  When  we 
consider  the  probable  amount  used  in  the  family,  it  appears  that  these 
larger  flocks  are  not  producing  so  well  as  the  average. 

Of  the  20  farms  only  eight  derived  as  much  as  one-fourth  of  their 
receipts  from  eggs  and  poultry.  Two  of  these  men  made  labor  incomes 
of  over  $600.  On  both  of  these  farms,  hens  were  an  important  minor 
source  of  income. 

Only  one  man  derived  as  much  as  half  of  his  income  from  poultry. 
He  had  a  farm  of  22  acres  and  made  a  labor  income  of  $284. 
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Number  and  value  of  turkeys.    Turkeys  were  kept  on  55  of  the 
605  farms.    On  April  I,  1907,  there  were  188  or  a  little  more  than  3 


Fig.  192. — Three  turkeys  and  their  product. 

on  each  farm  keeping  turkeys.    It  is  usual  to  winter  2  hen  turkeys  and 
a  gobbler.    The  average  value  in  the  spring  was  $2.46. 

Receipts  from  turkeys.     A  little  over  six  young  turkeys  were 
raised  by  each  hen  as  an  average.    The  net  sales  amounted  to  $1,526  or 


Fig.  193. — Ducks  are  raised  by  a  few  farmers. 

$27.75  P^''  farm  keeping  turkeys.    This  is  $8.12  per  turkey  on  hand  in 
the  spring.    The  average  price  at  which  turkeys  sold  was  $1.90. 

HOGS 

Numbers  and  values  of  hogs  and  pigs.  Hogs  or  pigs  were  kept 
on  513  farms  out  of  605,  or  85  per  cent  of  the  farms.  Less  than  10 
per  cent  of  the  farmers  kept  as  many  as  5  hogs,  and  only  10  out  of  605 
farmers  kept  10  or  more.  The  total  number  of  hogs  on  April  i,  1907. 
was  1,167  and  of  pigs  774.  The  average  values  were  $9.51  for  hogs 
and  $2.56  for  pigs.    The  average  investment  per  farm  for  hogs  and  pigs 


Digitized  by  VjOOQIC 


An  Agricultural  Survey 


501 


was  $24.    This  is  less  than  one-half  of  one  per  cent  of  the  average  total 
farm  capital  (Table  94)  : 

TABLE  94.    Numbers  and  Values  of  Hogs  and  Pigs.  605  Farms  Operated  by 

Owners. 


April  i,  1907. 

April  i,  1908. 

Number 
died. 

Number. 

Value. 

Average 
value. 

Niunber. 

Value. 

Average 
value. 

Hogs 

1,167 
774 

$11,093 
1. 981 

$951 
2  56 

'•isl 

$13,288 
2,091 

$9  82 
3  05 

25 
20 

Pies 

Total 

1. 941 

$13,074 

2,038 

$15,379 

45 

Sales  and  purchases.  The  farmers  who  keep  brood  sows  usually 
sell  half  or  even  more  of  the  pigs.  The  remainder  are  raised  and  con- 
sumed on  the  farm  or  sold.  The  number  of  pigs  sold  exceeds  the  num- 
ber of  hogs  sold.  An  average  of  3  pigs  and  2  hogs  were  sold  per  farm 
(Table  95)  : 

TABLE  95.    Sales  and  Purchases  of  Hogs  and  Pigs.  605  Farms  Operated  by 

Owners. 


Sales  1907. 

Purchases  1907. 

Number. 

Value. 

Average 
value. 

Number . 

Value. 

Average 
value. 

Hogs 

1.324 
1.877 

$14,392 
5.731 

$10  87 
3  05 

87 
716 

$1,522 
1,801 

$6  00 

Pigs 

2  52 

Total 

3.201 

$20,123 

803 

$2,323 

The  farmers  who  do  not  keep  brood  sows  usually  buy  pigs  to  raise 
for  their  own  use  and  sometimes  to  sell.  The  average  price  paid  for 
pigs  was  $2.52 ;  seven  hundred  and  sixteen  pigs  were  bought. 

Receipts  from  hogs  and  pigs.  Hogs,  like  poultry,  are  kept  on  most 
farms  primarily  to  supply  the  household  needs.  Any  surplus  is  sold. 
The  net  sales  of  hogs  amounted  to  $20,105  on  605  farms,  an  average  of 
$33  per  farm. 
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Hog  farms.  On  only  10  out  of  605  farms  were  there  10  hog^s  or 
more.  One  of  these  was  a  very  profitable  farm.  On  this  farm  sheep 
were  the  chief  source  of  income.  Apples  and  veal  calves  were  also 
important.  This  farmer  sold  young  pigs  instead  of  raising  them  for 
pork.     (See  farm  No.  9,  page  519.) 

One  other  man  made  a  labor  income  of  $971,  but  only  one-fifth  of 
the  receipts  came  from  hogs.  His  profits  were  due  chiefly  to  crops 
sold.  Another  man  who  made  a  large  labor  income  due  to  the  sale  of 
crops  kept  13  hogs,  but  they  produced  only  9  per  cent  of  his  total  re- 
ceipts. The  other  seven  men  all  produced  pork  for  sale.  Their  average 
labor  income  was  $267. 

In  many  cases,  hogs  are  desirable  as  a  minor  source  of  income,  but 
in  large  numbers  they  do  not  appear  to  pay. 

Raising  hogs  in  the  cast.  The  east  will  probably  never  be  able  to 
compete  with  the  corn-belt  in  hog  production.  The  price  of  corn  in  the 
east  is  fixed  by  the  price  in  the  west  plus  transportation  costs.  The  price 
of  hogs  is  fixed  in  the  same  way.  But  the  western  mjin  saves  about  two- 
thirds  of  the  cost  of  transportation  on  his  corn  by  shipping  it  in  the 
form  of  pork.  He  saves  a  great  deal  more  on  the  clover  and  other 
roughage  that  he  feeds. 

Hogs  in  this  county  are  nearly  always  by-products,  being  raised  on 
waste  products  and  skimmed  milk.  They  are  usually  pastured  in  or- 
chards, if  orchards  are  available.    Grain  is  fed  in  finishing  them. 

BEES 

Eleven  farmers  out  of  the  605  kept  bees.  There  were  169  swarms 
on  these  11  farms,  or  an  average  of  15  for  every  farm  keeping  bees. 
The  total  value  was  $540  or  $3.20  per  swarm  (Table  96). 

In  addition  to  the  honey  used  on  the  farms,  4,288  pounds  were  sold. 
This  makes  an  average  of  25.37  pounds  per  swarm.  The  average  price 
was  8.4  cents  per  pound.  The  receipts,  including  the  net  sales  of  bees 
and  the  increased  inventory,  amounted  to  $2.18  per  swarm. 


TABLE  96.    Bees 

AND  Honey.  605  Farms  Operated  by  Owners. 

April  I, 
1907. 

April  I, 
1908. 

Sales  1907. 

Purchases 
1907. 

Honey. 

Number  of  swarms 

Total  value 

$540  00 
3  20 

164 

$545  00 

3  32 

2 

$6  00 

3  00 

2 

$4  00 

2  00 

4,288  lbs. 
$361 

Average  value 

.084 
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Several  persons  are  engaged  extensively  in  the  bee  business,  having 
bees  located  at  several  points  not  on  their  owns  farms.  These  are  not 
recorded. 

SYSTEMS  OF  FARMING 

Types  of  farming.  There  are  three  general  types  of  farming  in  the 
county:  general  crop  farming,  general  farming  combined  with  dairying, 
and  dairy  farming.    Thirty-one  per  cent  of  the  farmers  derive  more  of 


Fig.  194. — A  good  apiary. 


their  income  from  crops  than  from  stock.  Hay  and  potatoes  are  the  most 
important  cash  crops.  Forty-seven  per  cent  derive  their  chief  income 
froni  stock,  but  sell  considerable  crops.  Twenty-two  per  cent  derive 
nearly  all  of  their  income  from  stock,  chiefly  from  the  dairy  (Table  97). 

There  are  no  distinct  lines  of  division  between  the  different  types. 
Some  persons  sell  very  little  stock  products  and  some  sell  no  crops  of 
any  kind.  Between  these  extremes  there  are  all  degrees  of  variation. 
Nearly  all  the  farmers  raise  general  farm  crops  and  the  great  majority 
keep  more  or  less  cows,  but  the  proportion  of  sales  from  croi>s  and  from 
stock  is  quite  variable. 

There  are  a  few  miscellaneous  types  of  farming.  A  few  farmers 
derive  their  chief  income  from  sheep.  On  one  or  two  farms,  hogs  are 
a  large  part  of  the  business.  There  are  a  few  farmers  who  raise  truck 
for  local  markets,  a  few  whose  chief  income  is  from  apples,  and  a  few 
whose  chief  product  is  potatoes.  Most  of  these  combine  general  farm- 
ing with  the  special  business.  For  instance,  one  of  the  leading  truck 
growers  also  raises  fruit,  runs  a  dairy,  and  does  general  crop  farming. 
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Ratio  of  stock  receipts  to  crop  receipts.  The  total  amount  received 
from  all  kinds  of  stock  and  stock  products,  and  from  all  sales  of  crops 
including  fruits  and  vegetobles,  was  calculated  for  each  farm.  In  each 
case  corrections  were  made  for  inventory  changes.  Net  sales  of  live 
stock  were  used,  that  is,  the  sales  above  purchases.  From  these  figures 
the  stock  and  crop  ratio  was  calculated,  that  is,  the  number  of  dollars 
of  receipts  from  crops  for  each  dollar's  worth  of  stock  and  stock 
products.  The  results  are  given  in  Table  97.  About  one-fourth  of  the 
farmers  sold  very  little  crops.  There  were  29  who  sold  no  crops  at  all. 
Nearly  one-third  derived  more  from  the  sale  of  crops  than  from  stock. 
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Fig.  195.— T/j^  farms  pay  best  that  derive  one-fourth  or  more  of  their 
receipts  from  crops. 


Stock  and  crop  ratio  related  to  profits.  The  29  farmers  who  fed 
all  their  crops  and  sold  nothing  but  stock  and  stock  products  made  th<? 
lowest  labor  incomes,  averaging  $113.  Those  who  sold  from  $0.21  to 
$0.50  worth  of  crops  for  each  dollar's  worth  of  stock  sold,  made  an 
average  labor  income  of  $452.  The  largest  average  labor  incomes  were 
made  by  those  farmers  who  derived  at  least  one-fourth  of  their  receipts 
from  crops  (Table  97)  : 
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TABLE  97.    Ratio  of  Stock  Receipts  to  Crop  Receipts,  Related  to  Profits. 
.  605  Farms  Operated  by  Owners. 


Receipts  Prom  Crops  For  Each  Dollar 
Received  From  Stock. 


Average 

percent 

from 

crops. 


Number 
of  farms. 


Per  cent 
of  totaL 


Labor 
income. 


No  crops  sold 
$0. 10  or  less. 

o.  11-0.20.. 

0.21-0.50. . 

0.51-1.00. . 

1 .01-2.00.. 
Over    2.00.. 


0% 

4 
13 
25 
41 
58 
79 


29 
46 

56 
144 

140 

102 

88 


5% 
8 

9 
24 
23 
17 
14 


$113 
348 
338 
452 
429 
440 
465 


When  the  farms  are  sorted  by  labor  incomes,  the  same  differences 
are  shown.  The  farmers  who  made  labor  incomes  of  $200  or  less,  sold 
$0.52  worth  of  crops  for  every  dollar's  worth  of  stock.  Those  who 
made  labor  incomes  of  over  $600  sold  $0.71  worth  of  crops  for  every 
dollar's  worth  of  stock  (Table  98)  : 

TABLE  98.  Labor  Income  Related  to  Stock  and  Crop  Ratio.  605  Farms  Operated 

BY  Owners. 


Labor  Income. 


Receipts 
from  stock. 


Receipts 
from  crops. 


Receipts 
from  crops 

for  each 
dollar 

received 
from  stock. 


$200  or  less 

201-600. . 

Over  600. . 


J357 

531 

1,185 


I186 
346 
839 


$0  52 
65 
71 


Variation  in  profits  with  different  proportions  of  receipts  from 
crops.  Of  those  farmers  who  derived  more  from  crops  than  from  stock, 
about  one-third  made  labor  incomes  of  over  $600.  Of  those  who  derived 
less  than  one-fifth  as  much  from  crops  as  from  stock,  less  than  one-eighth 
made  over  $600  (Table  99). 

Of  the  29  farmers  who  grew  crops  for  feed  only,  selling  nothing 
but  stock  and  stock  products,  a  number  kept  good  sized  dairies,  but  only  3 
made  more  than  a  hired  man's  wages.  The  highest  labor  income  was 
$430. 
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TABLE  99.  Relation  of  Stock  and  Crop  Ratio  to  Profits.  605  Farms  Opbratkd 

BY  Owners. 


Receipts  from  Crops  for  Each  Dollar  Received 
FROM  Stock. 


Per  cent 

of  the 

farmers 

making 

labor 

incomes  of 

$600  or  less. 


Per  cent 

of  the 

farmers 

making 

labor 

incomes  of 

over  $600. 


No  crops  sold 
lo.io  or  less. 

0.11-0.20. . 

0.21-0.50. . 

0.51-1.00. . 

1. 01-2. 00. . 
Over    2  00. . . 


0% 
17 
14 
22 

27 
24 
37 


Of  the  46  farmers  who  derived  less  than  one-tenth  as  much  from 
crops  as  from  stock,  only  a  fev^  made  as  much  as  hired  men  receive. 
But  three  of  these  made  labor  incomes  of  over  $1000.  Two  retailed 
milk.  Part  of  their  profit  was  from  the  delivery  of  the  milk  so  that  they 
did  not  depend  entirely  on  milk  production.  One  sold  market  milk  but 
derived  a  large  part  of  his  income  from  horses. 

Stock  and  crop  ratio  related  to  other  factors.  When  grouped  by 
stock  and  crop  ratio,  the  average  capital,  area,  and  total  labor  vary  but 
little.  The  number  of  animal  units  and  crop  yields  show  no  marked 
variation  (Table  100)  : 

TABLE  100.  Ratio  of  Stock  Receipts  to  Crop  Receipts  Related  to  Other 
Factors.  605  Farms  Operated  by  Owners. 


Rbcbipts  from  Crops 

FOR  Each  Dollar 
Received  from  Stock. 


Area. 


Total 
labor.^ 


Receipts 
from 
stock. 


Receipts 
from 
crops. 


Animal 
units. 


Yield  per  Acre  of— 


Oats. 


Hay. 


No  crops  sold 
$0.10  or  less. 

0.1 1-0.20. . 

0.21-0. so. . 

o.si-i.oo. . 

I. 01-2. 00. . 
Over  2.00.  . . 


Acres. 
86 
92 
112 
118 
107 
108 
IIS 


l43S 
482 
S63 
528 
511 
S3  7 
SSI 


ISI2 
9S7 
899 
8S2 
618 
436 
223 


$38 
131 
279 
431 
613 
8S6 


Bushels. 
31 
31 
33 
33 
31 
34 
33 


Tons. 

1. 25 
1.3a 

1.38 
I.3I 
1. 31 
1.37 
1.35 


^  Total  labor  includes  the  value  of  all  paid  and  unpaid  labor,  the  farmer's  labor  being  estimated  at  f3^ 


Stock  and  crop  ratio  related  to  profits  on  market  milk  farms.    In 
order  to  see  whether  those  farmers  who  sell  market  milk  and  depend 
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wholly  on  their  cows  are  making  a  reasonable  profit,  the  market  milk 
farms  were  sorted  by  stock  and  crop  ratio.  Nearly  all  the  milk  from 
these  farms  was  shipped  to  New  York.  Some  was  sold  to  local  dealers. 
The  farmers  who  sold  practically  no  crops,  depending  almost  entirely 
on  their  stock,  on  the  average  made  less  than  a  hired  man's  wages. 
Their  labor  incomes  averaged  only  $312.  Those  who  derived  more  from 
crops  than  from  stock  averaged  $768.  Each  of  the  groups  that  derived 
at  least  one-fifth  of  the  income  from  crops  averaged  well  (Table  101) : 


TABLE  loi.  Ratio  of  Stock  Receipts  to  Crop  Receipts  Related  to  Profits  on 
Market  Milk  Farms.  89  Farms  Operated  by  Owners,  Having  6  or  More  Cows. 


RsCKtPTS  FROM  CjlOPS 

FOR  Bach  Dollar 

Rk  CEI VBD    FROM    StOCK. 


Average 
per 
ceat 
from 
crops. 


No. 

of 

farms. 


Area. 


Animal 
units. 


Labor 
income. 


Receipts 
from 
stock. 


Receipts 
from 
crops. 


Receipts 
per 
cow. 


Total 
labor.» 


No  crops  sold 
$0.10  or  less. 

o.  ii-o.ao. . 

0.21-0.50. . 

o.si-i.oo. . 
Over  1 .  00 


0% 

3 

14 
23 
39 
54 


13 
13 
31 
25 
5 


Acres. 

ISO 

«3 

138 
137 
177 

Z28 


26 
z8 

22 
20 
20 
23 


I25I 

321 

766 
72s 
768 


11,288 

1,012 
1 .136 
1,282 
1,093 
911 


»36 
178 
387 
707 
,085 


I79 

69 
82 

75 
63 


I726 

io6 
584 
675 
753 


1  Total  labor  includes  the  value  of  all  paid  and  unpaid  labor,  the  farmer's  labor  being  estimated  at  I326. 

It  is  evident  that  the  farmers  in  this  county  who  sell  little  but  mar- 
ket milk,  find  it  impossible  to  make  a  reasonable  profit.  Of  28  farmers 
who  received  less  than  $0.20  from  crops  for  each  dollar  from  stock, 
only  7  made  labor  incomes  as  high  as  $600.  Six  of  these  men  derived  a 
considerable  part  of  their  income  from  other  sotirces  than  cows.  They 
sold  crops,  eggs,  wool,  colts,  etc.  But  of  the  market  milk  farmers  who 
derived  over  one-third  of  their  receipts  from  crops,  57  per  cent  made 
labor  incomes  of  over  $600. 

A  study  was  made  of  the  individual  farms  that  sold  market  milk  and 
that  derived  over  80  per  cent  of  their  income  from  milk  and  cattle.  There 
were  14  such  farms.  A  number  of  these  kept  excellent  cows.  But 
only  4  of  the  farmers  made  labor  incomes  as  large  as  $500.  The  largest 
was  $881.    This  farmer  received  $242  from  the  sale  of  eggs  and  crops. 

It  is  of  course  possible  to  make  a  living  and  some  profits  when  selling 
little  but  market  milk.  The  last  farmer  mentioned  above  ought  to  save 
money,  but  a  few  of  his  neighbors  with  no  better  cows  are  making  labor 
incomes  of  nearly  $3,000  by  combining  cash  crops  with  milk.  It  is  often 
possible  to  make  a  fair  profit  with  extreme  specialization,  but  larger 
profits  can  nearly  always  be  secured  by  combining  other  things  with 
the  specialty. 
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Why  do  diversified  farms  pay  better  than  intensive  market  milk 

farms?  Table  loi  gives  comparative  figures  for  the  wholesale  market 
milk  farms  that  derive  considerable  income  from  the  sale  of  crops  and 
for  those  that  sell  little  or  no  crops. 

The  farms  selling  the  most  crops  are  about  the  same  size  as  the 
more  exclusively  dairy  farms.  The  cows  are  doing  a  little  better  on 
these  dairy  farms  than  on  the  general  farms.  The  number  of  ani- 
mals kept,  and  the  total  receipts  from  animals  are  about  the  same  in 
each  group  of  farms.  The  labor  cost  is  a  little  more  on  the  farms 
selling  the  most  crops. 

The  only  striking  difference  is  in  receipts  for  crops  sold  and  conse- 
quent difference  in  labor  income.  Those  farmers  who  sell  crops  are  in- 
creasing their  receipts  from  25  to  100  per  cent  by  raising  crops  to  sell, 
with  practically  the  same  labor  that  is  required  to  take  care  of  the  cows. 
This  same  point  is  shown  by  studying  the  most  successful  farms  on 
pages  510  to  528. 

Two  men  are  required  to  keep  20  to  24  cows.  If  a  farmer  keeps 
this  number  he  must  keep  one  hired  man  by  the  year.  But  with  this 
help  he  can  raise  feed  for  the  cows  and  also  raise  several  hundred  dol- 
lars' worth  of  crops  to  sell. 

If  he  has  land  enough  and  adds  a  little  extra  help  in  summer  he  may 
have  $500  to  $1,500  worth  of  crops  to  sell.  He  can  also  sell  some  other 
stock  or  stock  products  besides  milk  and  cattle. 

The  men  who  sell  nothing  but  milk  are  not  fully  employed.  They 
have  work  twice  every  day  but  have  time  to  raise  crops  for  sale  be- 
tween milkings.  Such  men  may  keep  busy  by  fussing  with  the  cows 
but  the  present  prices  that  the  farmers  receive  for  wholesale  milk  do  not 
enable  them  to  make  much  more  than  a  hired  man's  wages  unless  they 
have  something  besides  milk  to  sell. 

The  production  of  market  milk  together  with  crops  for  sale  is  one 
of  the  most  profitable  kinds  of  farming  in  this  county.  But  wholesale 
milk  alone  provides  only  a  partial  day's  work  in  the  summer,  and  gives 
a  correspondingly  low  return.  Those  farmers  who  have  good  sized 
farms,  who  produce  market  milk  and  who  receive  from  one-half  to 
three-quarters  as  much  from  crops  as  from  milk  are  nearly  always  doing 
well.  In  this  county  wholesale  milk  alone  does  not  pay.  Those  who 
sell  little  but  crops  are  often  doing  well.  But  the  combination  of  milk 
and  crops  for  sale  pays  best.  It  usually  pays  better  to  raise  cash 
crops,  such  as  potatoes,  hay,  apples,  fruit,  etc.,  and  buy  mill  products 
and  grain  which  can  be  cheaply  shipped  from  the  West,  rather  than 
try  to  raise  all  the  grain  feed.     See  page  526. 
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Very  few  women  in  Tompkins  county  help  with  the  milking.  In 
some  parts  of  the  State  where  nothing  but  milk  is  sold,  the  women 
commonly  help  milk.  This  is  a  recognition  of  the  point  made  above,  that 
dairying  provides  only  a  partial  day's  work.  A  woman  will  milk  as 
many  cows  as  a  man  and  do  the  housework  besides.  In  this  case  a  wo- 
man saves  the  wages  and  board  of  a  hired  man  in  addition  to  doing 
the  housework.  The  objection  to  hiring  the  man  is  that  the  system  of 
farming  does  not  provide  a  full  day's  work  for  him.  When  a  man  and 
his  wife  both  milk,  it  is  possible  to  make  a  living  and  gradually  pay  for 
a  farm. 

A  much  more  satisfactory  and  profitable  way  of  solving  the  problem 
is  to  raise  some  kind  of  crops,  fruits  or  vegetables,  so  as  to  have  some- 
thing besides  milk  to  sell.  Men  can  then  do  all  the  milking  and  can  be 
kept  profitably  employed  between  milkings.  This  is  the  way  the  problem 
is  solved  on  the  most  successful  farms  in  Tompkins  county.  If  for  any 
reason  a  dairyman  can  produce  nothing  but  wholesale  milk  for  sale, 
his  labor  problem  certainly  is  a  very  serious  one. 

It  is,  of  course,  possible  for  a  dairyman  who  depends  entirely  on 
cows  to  make  money  if  he  has  a  sufficient  capital  or  if  he  has  unpaid 
help  from  the  family,  even  though  his  labor  income  is  no  better  than  a 
hired  man's  wages. 

Suppose  a  man  has  $10,000  capital  and  has  the  help  of  a  son  whose 
labor  is  worth  $300.  If  he  receives  $1,000  above  all  farm  expenses  he 
ought  to  be  making  money.  But  the  use  of  his  capital  is  worth  $500  and 
the  son's  time  $300.  This  leaves  $200  as  pay  for  the  farmer's  work 
or  his  labor  income.  If  he  were  in  debt  for  the  farm  and  had  to  pay  his 
son  he  could  barely  live. 

Diversified  farming  on  retail*  milk  farms.  Even  those  farmers  who 
retail  their  milk  seem  to  find  it  desirable  to  sell  something  besides  milk. 
The  sale  of  crops  averaged  $517  on  retail  milk  farms.  With  the  excep- 
tion of  one  man,  those  who  sold  the  most  crops  made  the  largest  profits. 
Profitable  farms  with  little  stock.  Of  eighty-eight  farms  operated 
by  owners  who  derived  over  twice  as  much  from  the  sale  of  crops  as 
from  stock,  thirty-three  made  labor  incomes  of  over  $600,  twelve  made 
over  $1,000.  The  chief  products  were  hay  on  nine  farms,  grapes  on  one, 
potatoes  on  one,  and  grain  on  one  farm.  In  all  but  one  of  the  cases 
other  crops  were  sold.  Apples  and  grain  were  important  on  most  of  the 
farms. 

One  farmer  made  a  labor  income  of  $1,649.     His  crop  sales  were: 
Potatoes  $1,170,  grain  $409,  hay  $350. 
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Another  farmer  made  a  labor  income  of  $1,702.  His  crop  sales  were: 
hay  $915,  grain  $587,  potatoes  $300,  apples  $80. 

The  largest  labor  income  made  by  a  farmer  who  derived  at  least  two- 
thirds  of  his  receipts  from  crops  was  $2,305.  His  crop  sales  were :  hay 
$910,  grain  $871,  apples  $569,  potatoes  $113.  (See  Farm  No.  8,  page 
518.)  Still  larger  profits  were  made  by  some  men  who  combined  both 
crops  and  stock.    (See  Farms  Nos.  i,  2,  3,  4,  5,  9,  10,  pages  511  to  520.) 

It  is  possible  to  make  a  success  of  farming  in  this  county  without 
keeping  much  stock.  Apparently  it  is  also  possible  to  keep  up  the  pro- 
ductivity of  the  land  by  the  use  of  fertilizers.  Some  of  these  farms  are 
running  out,  but  most  of  them  are  yielding  fair  crops.  (Table  100.) 
With  proper  rotation  and  fertilization  it  is  possible  to  maintain  the  fertil- 
ity of  the  land  for  many  years  and  probably  permanently.  This  has 
been  done  for  over  half  a  century  at  Rothamsted,  England,  and  for 
twenty-five  years  at  State  College,  Pennsylvania.  The  trouble  with 
the  practice  of  such  a  system  is  that  the  rotation  and  fertilizers  are 
often  forgotten. 

Kinds  of  crops  sold  related  to  profits.  The  best  paying  farms  sell 
a  little  larger  percentage  of  potatoes  and  a  little  lower  percentage  of 
hay  than. the  less  profitable  farms.  The  more  profitable  farms  sell  more 
crops  of  each  kind  but  the  proportions  are  about  the  same  (Table  102) : 

TABLE  102.  Relation  of  Profits  to  Kind  of  Crops  Sold.  605  Farms  Operated 

BY  Owners. 


LABOR 
INCOME. 

Hay. 

Potatoes. 

Buckwheat. 

Wheat. 

Oats, 

Apples. 

Total. 

Per 

cent.' 

Total. 

Per 

cent. 

Total. 

Per 

cent. 

Total. 

Per 

cent. 

Total. 

Per 
cent. 

Total. 

Per 

cent. 

I200  or  less .... 

201-600 

Over  600 

I72 
I3S 
277 

39% 

39 

33 

170 

18% 

19 

20 

I16 
30 

ss 

9% 
9 

In 
21 
57 

6% 
7 

l5 
14 
38 

3% 

4 

S 

$9 
13 
44 

4 
5 

1  Per  cent  is  the  per  cent  of  the  total  sales  of  all  crops. 

Hay,  potatoes  and  apples  are  the  crops  that  combine  well  with  dairying 
in  this  county.  Market  milk  with  either  of  these  pays  well.  When 
milk  is  combined  with  hay  and  potatoes  or  with  hay  and  apples  the 
profits  are  still  larger  than  when  only  one  is  grown.  Grapes  or  truck  also 
combine  well  with  dairying,  but  only  a  few  persons  are  growing  these 
crops.  Colts,  eggs,  and  minor  crops  are  nearly  always  included  on 
the  more  successful  farms. 

The  most  profitable  farms.  Definitions. — -About  one  farmer  in  every 
hundred  makes  a  labor  income  of  over  $2,000.    Six  farmers  who  worked 
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their  own  farms  made  over  $2,000  labor  income.  Four  farmers  in  Gro- 
ton  township  made  labor  incomes  of  over  $2,000.  These  are  included  in 
the  following  discussions. 

On  three  tenant-farms  the  tenants  would  have  made  labor  incomes  of 
over  $2,000  if  they  had  paid  S  per  cent  interest  instead  of  rent.  In  two 
cases  the  landlord  received  much  over  5  per  cent  so  that  the  tenant  did 
not  actually  get  $2,000  for  his  labor.  One  of  the  three  tenants  derived 
his  chief  income  from  buying  and  selling  milk.  This  is  not  farming,  and 
therefore  his  farm  is  not  included. 

It  is  interesting  to  see  how  these  men  were  able  to  do  so  much  better 
than  the  average.  The  following  records  are  summaries  of  a  year's 
business  on  each  of  these  twelve  farms. 

Other  live  stock  includes  young  stock  and  other  minor  stock.  The 
yield  of  corn  is  reported  in  bushels  of  shelled  corn.  The  soil  types 
refer  to  names  given  in  the  soil  map  of  the  county  prepared  by  the 
Bureau  of  Soils,  United  States  Department  of  Agriculture.  Sales  of 
cattle  or  other  stock,  as  listed  in  receipts,  is  the  receipts  above  the  cost 
of  purchases.  This  is  also  corrected  for  any  change  in  inventory.  The 
sales  of  sheep  plus  the  sales  of  wool,  divided  by  the  number  of  sheep, 
gives  the  receipts  per  sheep.  The  receipts  per  hen  are  obtained  in  a 
similar  manner. 

Farm  No,  i.     (Year  ending  April  i,  ^907.) 

21 1  acres.    160  tillable.  Receipts $5,517 

Capital   $14,550                        Wheat $264 

Farm $10,550          Hay 25 

Machinery 400          Potatoes 1,050 

5  horses    500          Apples 145 

31    cows    2,480          Milk,  New  York 3,449 

25  sheep   175          Cattle 245 

Other  stock   332          Sheep  and  lambs 151 

All    else    113          Wool 53 

Crops,  acres.    Yield  per  acre :  Eggs 106 

10  corn Silo  All  else   29 

1 1  wheat 30  bu.        Expenses  2,040 

26  oats 41  "  Labor  and  board 1,100 

12  potatoes 200    "  Feed,  concentrates  ..  511 

2  apples Fertilizers 100 

55  hay i  .51  tons  Seed 53 

Soils,  Volusia  loam,  Dunkirk  clay  loam.  All    else    276 

Receipts  per  cow   from  milk $111       Farm  income  3,477 

Receipts  per  cow  from  stock 8      Interest  on  capital  at  5% 7^ 

Holstein  and   Holstein  grade  cows.  Labor  income   2,750 

Holstcin  bull  * 
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This  farm  is  105  per  cent  larger  and  has  163  per  cent  more  capita 
than  the  average  farm  operated  by  owners.  The  yield  of  potatoes  p« 
acre  was  67  per  cent  above  the  average  on  farms  operated  by  owner^ 
Other  crop  yields  were  28  per  cent  larger.  The  receipts  per  caw  f  ron^ 
milk  were  56  per  cent  larger  than  the  average  for  farms  selling  market 
milk.  These  resulted  in  a  labor  income  of  550  per  cent  more  than  the 
average  man  received. 

The  farm  also  differs  from  the  average  in  having  two  main  sources 
of  income  and  many  minor  sources.  Milk  alone  or  crops  alone  would 
not  have  given  these  profits.  To  produce  such  a  large  income  required 
the  combination  of  a  diversified  farm,  larger  area,  larger  capital,  better 
crops  and  better  stock  than  the  average.  Many  farms  combined  two 
or  three  of  these  points  and  did  fairly  well,  but  a  combination  of  ail  of 
them  is  essential  for  the  largest  profits. 

Like  most  of  the  profitable  farms  in  this  county,  this  one  raises 
its  own  cows  and  sells  the  poorest  ones  to  farmers  who  do  not  raise 
their  own.  Also,  like  all  of  the  most  profitable  farms  more  feed  is 
purchased  per  animal.  It  often  pays  better  to  raise  crops  to  sell  and 
buy  mill  products  than  to  raise  all  of  the  grain  feed  for  cows. 

The  record  of  this  farm  was  obtained  for  a  second  year: 


Farm  No.  i.     (Year  ending  April 
211  acres.     160  tillable. 
Capital $15,059 

Farm   $io,5So 


400 

450 

2,480 

210 

357 
612 


bu. 


Machinery 

4  horses 

31    cows    

30    sheep     

Other  stock   

All   else    

Crops,  acres.    Yield  per  acre. 

10  corn Silo 

9  wheat 39 

22  oats 58        " 

2  buckwheat 15        " 

67  hay 1%  tons 

15  potatoes 200       bu. 

2  apples 

2  cabbages  

Soils,  Volusia  loam,  Dunkirk  clay  loam. 
Receipts  per  cow  from  milk...  $124  00 
Receipts  per  cow  from  stock. .  17  00 
Receipts  per  sheep   9  57 


I,  1908.) 

Receipts $7,513 

Wheat $357 

Oats 366 

Buckwheat 20 

Hay no 

Potatoes 1,797 

Apples 12 

Cabbage 118 

Milk,  New  York  ...  3,841 

Cattle 536 

Eggs 69 

Lambs 224 

Wool   63 

Expenses 3,209 


Labor  and  board   .. 

1,286 

Seeds  

90 

Feed,  concentrates... 

M93 

Fertilizers 

78 

Machinery 

93 

Buildings  and  fences  . 

150 

Miscellaneous   .... 

319 

Farm   income   4,304 

Interest  on  capital  at  5% 753 


Labor  income 3,551 
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This  was  the  most  successful  year  that  the  fanner  ever  experienced. 

The  season  was  very  favorable  and  prices  were  good.     The  first  year 

given  was  more  nearly  normal.     A  comparison  of  the  two  years  will 

show  how  well  the  farm  is  systematized.     The  area  of  each  crop  is 

practically  constant  from  year  to  year.    A  definite  rotation  is  followed. 

Corn  and  potatoes  are  planted  on  sod.     These  are  followed  by  oats. 

Part  of  the  oat  field  is  seeded,  the  remainder  is  followed  by  wheat  and 

seeding.     The  grass  that  follows  oats  remains  down  three  years,  that 

which  follows  wheat  remains  two  years.    There  is  always  corn  enough 

to  fill  the  silos  and  hay  enough  to  feed.    In  exceptionally  favorable  years 

like  the  above  year,  there  is  hay  to  sell.     Wheat  is  sold.     A  smaller 

acreage  of  oats  was  grown  than  in  the  preceding  year.    Some  of  the  oats 

were  sold  and  more  feed  purchased  than  in  the  preceding  year.    The 

manure  is  hauled  daily. 


Farm  No.  2.     (Year  ending  April 

180  acres.    163  tillable. 

Capital' $13,575 

Farm $10,800 

Machinery 500 

5  horses   625 

24  cows    x,o8o 

Other  stock  220 

All    else    350 

Crops,  acres.    Yield  per  acre. 

12  corn Silo 

24  oats 40  bu. 

14  potatoes 193  ** 

6  apples 117        " 

40  hay I  j4  tons 

2  cabbage 10  " 

Soil,  Volusia  loam. 

Receipts  per  cow  from  milk..        $117 

Holstein  grade  cows 

Holstein  grade  bull 


I,  1907.) 

Receipts $4»8oo 

Hay $180 

Potatoes 1,250 

Apples 180 

Cabbage no 

Milk,   New   York    ..       2,800 

Cattle 130 

Eggs 150 

Expenses $1*685 

Labor  and  board    ..  785 

Feed,    concentrates..  400 

Fertilizers 100 

Seed 150 

All  else  250 

Farm  income    3,115 

Interest  on  capital  at  5%  679 

Labor  income  2,436 


This  farm  is  almost  like  farm  No.  i  except  that  it  is  a  little  smaller 
and  runs  a  smaller  business.  The  farm  exceeds  the  average  farm  by  the 
following  percentages:  area  75  per  cent,  capital  146  per  cent,  yield  of 
potatoes  61  per  cent;  yield  of  other  crops  28  per  cent,  rrxeipts  per  cow 
from  milk  for  farms  selling  market  milk  65  per  cent,  labor  income  476 
per  cent.  The  rotation  followed  is  corn  and  potatoes  on  sod,  both  fol- 
lowed by  oats  and  the  oats  followed  by  hay. 
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Farm  No.  3      (Year  ending  April 

266  acres.    236  tillable. 

Capital $19,5^5 

Farm    $i5»96o 

Machinery    650 

7  horses    875 

33   cows    1^20 

150  hens   75 

Other  stock   290 

All    else    395 

Crops,  acres.    Yield  per  acre. 

14  corn Silo 

4  corn 43  bu. 

30  oats 45  " 

10  potatoes 200  ** 

3  apples 20  ** 

1%  cabbage 6  tons 

90  hay 1.8    " 

Soil,  Volusia  loam. 

Receipts  per  cow  from  milk...  $91 

Holstein  grade  cows 

Holstein  bull 


I,  1907.) 

Receipts    $5,969 

Oats    $200 

Hay    1,232 

Pottitoes    963 

Apples    20 

Milk,   New   York   . .       3,000 

Cattle    175 

Eggs    300 

All   else    79 

Expenses  2,070 

Labor  and  board    . .  960 

Seeds    100 

Fertilizer    150 

Feed,    concentrates..  600 

All  else  260 

Farm  income   3,899 

Interest  on  capital  at  5%   ....         979 
Labor  income    2,920 


This  farm  exceeds  the  average  of  all  farms  by  the  following  percent- 
ages; area  158  per  cent,  capital  254  per  cent,  yield  per  acre  of  potatoes 
67  per  cent,  yields  of  other  crops  37  per  cent,  receipts  per  cow  for  milk 
for  farms  selling  market  milk  28  per  cent,  labor  income  590  per  cent 

This  farm  differs  from  No.  i  by  being  larger.  Practically  the  same 
business  is  done  as  on  farm  No.  i  and  the  extra  area  allows  for  the  grow- 
ing of  hay  to  sell.  The  main  sources  of  income  are  milk,  hay  and  pota- 
toes. This  farm  has  three  main  sources  of  income  instead  of  two.  The 
growing  of  the  hay  for  sale  requires  little  more  labor  than  is  necessary 
for  the  regular  business.  As  a  consequence  this  farmer  makes  more 
money  than  the  one  on  farm  No.  i,  even  though  his  cows  are  not  so  good. 
The  crop  rotation  used  is  corn  and  potatoes  on  sod,  both  followed  by  oats. 
The  oats  are  followed  by  three  years  of  hay. 
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(Year  ending  April 


I,  1908.) 

Receipts 

Buckwheat   

Hay    

Milk    

Cattle    

Colts    

Eggs    

All    else    

Expenses    

Labor  and  board    .. 

Feed,  concentrates  .. 

Rent  

All    else    

Farm  income  

Family .  labor    

Interest  on  capital  at  5% 
Labor  income  


.$240 
628 

3.500 

310 

150 

200 

7 


600 
700 
160 
170 


r>630 


3,405 
100 
503 

2,802 


Farm  No.  4, 

203  acres  owned  Receipts $S,035 

97  acres  rented 
30  acres  rented 
Capital $10,066* 

Farm ?5,500 

Machinery    800 

31    cows    1,550 

6  horses    800 

200  hens   150 

Other   stock    545 

All  else  715 

Crops,  acres.    Yield  per  acre. 

20  com Silo 

20  oats 29       bu. 

15  buckwheat 23        " 

125  hay 1.5  tons 

Soils,  Dunkirk  silt  loam,  rough  stony- 
land,  meadow.  ■ 
Receipts  per  cow  from  milk  ..        $113 
Holstein  grade  cows 
Holstein  bull 

This  farm  exceeds  the  average  farm  by  the  following  percentages: 
area  220  per  cent,  capital  owned  82  per  cent,  yield  of  crops  13  per  cent, 
receipts  per  cow  from  milk  for  farms  selling  market  milk  59  per  cent. 
These  results  are  made  possible  by  the  combination  of  a  I^rge  area  with 
good  farming  and  diversified  products.  This  man  is  running  what  were 
once  three  farms  and  part  of  a  fourth.  His  203  acres  was  once  two  farms 
and  in  addition  he  rents  one  farm  of  ninety-seven  acres  and  thirty  acres 
of  pasture  on  a  fourth  farm.  The  rotation  followed  is  corn  or  buckwheat 
on  sod,  both  followed  by  oats  in  which  timothy  and  clover  are  seeded. 
The  land  is  left  in  hay  for  three  to  four  years.  Manure  is  not  allowed  to 
accumulate  in  the  barnyard. 

Farm  No.  5.     (Year  ending  April  i,  1908.) 


200  acres.     135  tillable, 

6  acres  rented 

Capital  $9>i85 

Farm    6/X)0 

Machinery    750 

4  horses   500 

30  cows    i,Spo 

75  hens   45 

Other  stock   245 

All    else    145 


Receipts    $4,787 


Buckwheat  .  .  .   . 

Hay    

Potatoes    

Creamery   milk    . 

Cattle    

Eggs    

All  else  

Expenses    

Labor  and  board 


$56 
360 
560 
3,500 
131 
75 
105 


1,912 


1,000 


>  Capital  does  not  include  value  of  rented  land.     The  rented  land  is  worth  abouy$3,3oo 


orin  aDouy#3,3oo        | 
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Feed,  concentrates  ..        $560 

Fertilizers    75 

All  else  277 

Farm  income  ^,873 

Interest  on  capital  at  5%  459 

Labor  income  2^16 


Crops,  acres,  yield  per  acre. 

8  corn 25       bu. 

I  wheat 20       " 

22  oats 41        " 

8  buckwheat 25        " 

5  potatoes 200        " 

75  hay  .  . 2.1  tons  " 

Soils,  Volusia  loam,  Dunkirk  gravelly 

sandy  loam. 
Receipts  per  cow  from  milk  ..        $117 

Receipts  from  cattle 4 

Holstein    grade    and    Durham 

grade  cows 
Holstein  bull 

This  farm  exceeds  the  average  farm  by  the  following  percentages: 
area  100  per  cent,  capital  66  per  cent,  yield  of  potatoes  67  per  cent  yield 
of  other  crops  29  per  cent,  receipts  per  cow  from  creamery  milk  121 
per  cent,  labor  income  471  per  cent.  Again  we  have  the  combination  of 
much  larger  business  than  the  average,  higher  production  and  diversified 
farming. 

Corn,  potatoes,  and  buckwheat  are  planted  on  sod,  all  are  followed  by 
oats  in  which  clover  and  timothy  are  seeded.  The  hay  is  cut  three  years. 
Manure  is  hauled  daily  and  is  applied  for  corn  and  on  new  seeding. 


Farm  No.  6,     (Year  ending  April  i,  1908.) 


225  acres.    180  tillable. 

Capital $21,786 

Farm    $15,000 


Machinery    

6  horses    

30   cows    

20   heifers    

3  bulls    

90  hens   

Other   stock    

All    else    ' 

Crops,  acres.    Yield  per  acre. 

12  corn Silo 

12  oats 60 


1,000 

900 

2,325 

1,200 

195 

36 

380 

750 


bu. 


150  hay iJ4  tons 


I  potatoes 150 

Soils,    Dunkirk    sandy    gravelly 
Dunkirk  loam,  Volusia  loam 

Milk  retailed 

Receipts  per  cow  from  milk  . . 

Pure-bred    Holstein    and    Hol- 
stein grade  cows 

Holstein  bull 


bu. 
loam. 


$213 


Receipts   

Oats    

Hay    

Potatoes 

Milk  retailed    

Cattle    

Horses    

Eggs    

Poultry    

Expenses 

Labor  and  board  ... 

Seeds  .  .  .• 

Feed,    concentrates. . 

Lime    

Buildings  and  repairs 

Machinery     and    re- 
pairs   

All  else  

if^arm   income   

Interest  on  capital  at  5%. 

Family    labor    

Labor  income,  (father  and 


$16 
270 

30 
6,400 

2,255 

215 
28 
82 


$9,296 


1390 


525 

50 

570 

50 

500 

8s 
no 


7.406 


100 

son)       6.217 
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A  father  and  son  both  worked  on  this  place.  The  father  alone  could 
not  have  done  so  well  if  he  had  depended  on  hired  help  for  delivering  the 
milk.  If  the  income  from  labor  were  divided  by  two  it  would  leave 
$3,109  as  the  farmer's  labor  income. 

This  is  the  only  farmer  who  retailed  milk  who  made  a  labor  income 
of  over  $2,000.  This  place  contains  two  farms,  the  total  area  of  which  is 
225  acres.  This  gives  118  per  cent  more  area  and  294  per  cent  more 
capital  than  the  average  farm  operated  by  owners.  The  crop  yields  were 
39  per  cent  above  the  average.  The  receipts  per  cow  from  milk  were 
73  per  cent  more  than  on  the  average  retail  milk  farm.  The  sales  of 
stock  and  increase  in  the  amount  and  value  of  stock  on  hand  were  als)3 
very  large,  amounting  to  more  than  one-third  as  much  as  the  milk  sold. 

On  the  preceding  farms  the  profitable  employment  of  labor  has  been 
accomplished  by  having  the  men  who  milk  the  cows  also  raise  crops  to 
sell.  On  each  of  the  first  five  farms  two  hired  men  are  kept  regularly, 
so  that  three  men  work  the  year  around.  Some  extra  help  is  used  in 
summer.  Without  adding  much  to  the  labor  cost  these  farmers  raise 
$1,000  to  $2,000  worth  of  crops  to  sell.  On  farm  No.  6  the  receipts  from 
crops  are  small.  On  this  farm  there  is  milk  to  retail  and  other  work 
necessitated  by  the  retail  business.  This  provides  a  full  day's  work 
for  those  who  milk  cows. 

Farm  No.  7.     (Year  ending  April  i,  1907.) 

192  acres.     170  tillable  Receipts $3,767 

Capital $12,048                         Buckwheat     $84 

Farm     9,000          Hay    830 

Maohiaery     350          Apples     350 

4  horses    900          Milk,  New  York 1,450 

20   cows    900          Cattle    194 

50  sheep 350          Sheep  and  lambs   . . .  490 

113  hens   57          Wool    80 

Other    stock 346          Hogs    100 

AH  else   145          Eggs  and  poultry    . .  1 13 

Crops,  acres.    Yield  per  acre.                            All    else    76 

12  corn Silo  Expenses 1,058 

20  corn 25  bu.            Labor   and   board    . .  466 

21  oats  35  "              Feed,    concentrates..  450 

10  buckwheat  19  "              All  else   142 

2  potatoes  100        "  Farm   income    2,709 

3.5  apples  200        "  Interest  on  capital  at  5%   602 

75  hay   1.7  tons       Lkbor    income    2,107 

Soil,  Volusia  loam.  fc 

Receipts  per  cow  from  milk..     $73  00 

Receipts  per  sheep   1 1  40 

Pure-bred   and   grade   Holstein 
cows  ^  J 

Holstein  bull  Digitized  by  LjOOglC 
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This  farm  exceeds  the  average  farm  by  the  following  percentages: 
area  86  per  cent,  capital  118  per  cent,  yield  per  acre  of  crops  8  per  cent, 
receipts  per  cow  from  milk  3  per  cent,  receipts  per  sheep  120  per  cent. 

Its  success  is  due  to  the  combination  of  a  much  larger  business  and 
somewhat  better  production.  The  receipts  per  sheep  were  among  the 
best. 

Farm  No.  8.     (Year  ending  April  i,  1908.) 

220  acres.    170  tillable.  Receipts $3,860 

Capital $11,565                       Wheat    $450 

Farm    $9,ooo          Oats    .^ 171 

Machinery    550          Barley 250 

13   cows    390          Hay    910 

6  horses    750          Potatoes    113 

3  colts   400         Apples    569 

4  hogs   30          Creamery  milk   685 

Other  stock 175          Eggs    80 

All  else   270          Hogs    123 

Crops,  acres.    Yield  per  acre.                          Colts    100 

10  corn   35  bu.          All  else   409 

24   wheat    23  "         Expenses 887 

24  oats    38  *'  Labor  and  board  . . .          450 

16  barley    25  "             Fertilizers    100 

3   potatoes    100  "  Feed,  concentrates  . .            25 

8  apples  Seeds   60 

70  hay  I  %  tons          All  else  252 

Soils,   Dunkirk  fine   sandy  loam,  Dun-      Farm   income    2,973 

kirk  stony  clay,  Volusia  loam.                   Family  labor  90 

Receipts  per  cow  from  milk  . .  $53      Interest  on  capital  at  5%  578 

Jersey  grade  cows  Labor  income   2,305 


This  farm  exceeds  the  average  farm  by  1 14  per  cent  in  area  and  109 
per  cent  in  capital.  The  crop  yields  are  11  per  cent  above  the  average. 
The  receipts  per  cow  are  just  equal  to  the  average  on  farms  selling 
milk  to  creameries. 

This  is  a  general  hay  and  grain  farm.  The  large  profits  come  from 
the  sale  of  crops.  The  large  labor  income  is  made  in  spite  of  the  cows. 
Only  13  cows  are  kept.  If  more  were  kept,  the  receipts  per  cow  would 
have  to  be  much  better  or  the  profits  would  be  reduced. 

This  farm  is  two  farms  united  into  one.  The  owner  believes  that 
about  500  acres  would  be  the  most  efficient  size  of  farm  for  this  type  of 
farming. 
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Farm  No.  p.     (Year  ending  April  i,  1908.) 


Receipts    $5»o89 


$7*» 
500 
400 
1,000 
1,625 
320 
593 
311 

bu. 


Potatoes , 

Apples 

Calves    

Sheep  and  lambs 

Wool    

Hogs  and  pigs 

Expenses    

Labor  and  board  . . . 
Feed,  concentrates  . . 

Seeds   

All  else 


$105 
800 
855 

1,603 
486 

1,240 


1,000 


450 

200 

50 

300 


Farm  income    4,089 

Interest  on  capital  at  5%  627 

Labor  income   3,462 


145  acres,    no  tillable. 
Capital $12,549 

Farm 

Machinery    

8   cows 

8  horses    

250  sheep   

16  hogs   

Other  stock  

All  else  

Crops,  acres.    Yield  per  acre. 

16  com , . .    38 

20  oats 50       " 

I  potatoes  200       " 

30  hay 1%  tons 

35  apples  ^ 

Soil,  Volusia  loam. 
Rambouillet  grade  sheep. 
Receipts  per  sheep $8  36 

This  farm  has  41  per  cent  more  area  and  127  per  cent  more  capital 
than  the  average.  The  farm  is  of  an  entirely  different  type  from  the  pre- 
ceding ones.  Sheep  are  the  most  important  animals  kept.  Pigs  and  veal 
calves  are  also  important.  This  farm  is  the  most  important  sheep  farm, 
hog  farm,  and  veal  calf  farm  in  the  county. 

The  owner  has  raised  sheep  many  years  and  knows  how  to  handle  them. 
His  receipts  per  sheep  were  61  per  cent  above  the  average  for  the 
county.  He  raised  winter  lambs  for  fifteen  years,  but  was  raising  spring 
lambs  when  this  record  was  taken. 

His  hogs  are  kept  for  raising  pigs  for  sale.  He  finds  that  it  does  not 
pay  to  raise  hogs  except  as  many  as  are  necessary  for  breeding. 

Few  farmers  have  made  very  much  in  the  veal  calf  business,  but  this 
man  has  done  exceedingly  well  with  calves,  having  received  $107  per 
cow  from  the  sale  of  calves  above  the  price  paid  for  calves.  Each  cow 
raises  about  eight  calves  per  year.    The  calves  do  the  milking. 

The  apple  orchard  on  this  place  is  also  a  very  profitable  investment. 
In  some  years  it  has  been  the  chief  source  of  income. 
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Farm  No.  10,    (Year  ending  April 

93  acres  owned. 

25  acres  on  shares. 

25  acres  pasture,  rented. 

Capital    $141843 

Farm    $9,7O0 

Machinery    1,000 

8  horses   1,225 

12   cows    1,200 

I  bull  75 

150  hens   150 

Other  stock  403 

All    else    1,090 

Crops,  acres.    Yield  per  acre. 

3a  com    48       bu. 

16  corn  fodder  

31  hay   1.4    tons 

5  sorghum    

1  millet  

2  oats  and  peas  

2  tobacco  1800        lb. 

10  berries   

2    apples 

Soils,     Dunkirk     loam,     Dunkirk     clay 

loam,  Dunkirk  stony  clay. 
Receipts  per  cow  from  milk  ..        $107 
Holstein  cows 
Holstein  bull 


I,  1908.) 

Receipts    

Asparagus,   1V2  acres 

Green  peas,  6  acres. 

Sweet  corn,  3  acres. 

Mfiskmelons,.  3  acres 

Potatoes,  2  acres 

Lima  beans,  l^  acre. 

Tobacco    

Fruit  and  berries   .. 

Milk    

Cattle    

Horses     

Lambs 

Wool     

Poultry 

Eggs     

Expenses     

Labor  and  board   . . 

Seeds    

Pasture     

Straw    

Feed,   concentrates    . 

Manure   

Machinery     and     re- 
pairs   

Fences  and  repairs . . 

All  else   

Farm   income 

Interest  on  capital  at  5%. 
Labor    income    


$6,728 


200 

800 

350 

700 

.    63 

150 

720 

1,500 

1,284 

373 

150 

156 

102 

100 

80 


2,318 


1,200 

175 

25 

60 

400 

160 

50 
65 
183 


4410 

742 
3,668 


This  farm  exceeds  the  average  farm  by  the  following  percentages: 
area,  39 ;  capital  in  addition  to  the  value  of  the  rented  land,  169 ;  yield  of 
crops,  34;  receipts  per  cow  from  milk,  51. 

This  is  perhaps  the  most  diversified  farm  in  the  list,  and  with  one 
exception  is  the  best  paying.  In  addition  to  farming,  the  owner  buys 
and  sells  stock.  On  this  he  may  lose  or  make  money.  No  record  of 
these  transactions  was  secured. 

The  ninety-three  acres  is  a  combination  of  two  farms.  In  addition  to 
this,  twenty-five  acres  of  hay  was  cut  on  shares  anJ  a  pasture  was 
rented. 
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Farm  No.  11.    A  Successful  Tenant  Farm  (Year  ending  April  i,  1908). 
^35  acres,  145  tillable. 


CROPS. 


Com 

Oats 

Buckwheat 
Potatoes . . 
Hay 


Soil,  Volusia  silt  loam. 
Receipts  per  cow  from  milk,  $118. 
Holstein  grade  cows. 
Holstein  bull. 


Yield  per 
acre. 


41  bu. 

20  bu. 
300  bu. 
1 . 2  tons. 


Landlord. 


Capital 

Farm 

Machinery 

4  horses 

22  cows 

I  bull 

80  hens 

Other  stock 

All  else 

Receipts 

Buckwheat 

Potatoes 

Milk,  wholesale 

Cattle 

AUels^. ! 

Expenses 

Labor  and  board * 

Seeds 

Feed,  concentrates 

Fertilizers 

AU  else 

Farm  income 

Family  labor 

Interest  on  tenant's  capital  at  5  per  cent 

Tenant's  labor  income 

Landlord's  per  cent  on  investment 


$7,000 


>7.75i 


550 
25 


64 
112 


56 
550 

1,300 
6 


75 


35 
iz 


1.987 


463 


1.524 


20% 


This  tenant  made  all  farm  expenses,  5  per  cent  on  the  total  capital, 
and  in  addition  made  $2,397,  so  that  if  he  had  paid  interest  instead  of 
rent  this  would  have  been  his  labor  income. 
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The  farm  is  128  per  cent  larger  than  the  average  and  has  84  per 
cent  more  capital.  The  potatoes  yielded  150  per  cent  more  than  the 
average,  the  other  crops  1 1  per  cent  more.  The  receipts  per  cow  from 
milk  were  66  per  cent  higher  than  the  average  for  cows  selling  wholesale 
market  milk.^  Again  we  have  the  success-bringing  combination  of  a 
larger  farm,  more  capital,  diversified  farming,  better  crops,  and  better 
cows.  The  sales  of  potatoes  amounted  to  $1,100.  These  were  raised 
with  practically  the  same  labor  that  had  to  be  kept  anyway  to  care  for 
the  dairy. 

This  efficient  combination  of  factors  resulted  in  a  very  large*  profit 
for  the  owner,  and  a  good  profit  for  the  tenant.  The  next  year  the 
tenant  bought  a  farm.  This  was  the  most  profitable  farm  found  on  the 
Volusia  silt  loam  type  of  soil.  The  farm  was  two  and  one-half  miles 
from  the  railroad  and,  as  in  the  case  of  all  farms  on  this  soil  tyi>e  in 
this  county,  the  farm  is  far  above  the  railroad.  It  takes  two  and  one- 
half  hours  a  day  to  haul  the  milk.  This  haul  would  greatly  reduce  the 
profits  if  it  were  made  every  day.  But  by  exchanging  with  neighbors 
it  was  necessary  to  haul  milk  only  once  in  five  days.  One  of  the  greatest 
obstacles  to  successful  farming  on  this  soil  type  is  the  expense  of  hauling. 
In  several  neighborhoods  the  system  of  exchange  is  being  used  so  that 
the  cost  is  reduced  to  a  moderate  figure.  In  the  majority  of  cases  each 
man  still  hauls  his  own  product  and  so  wastes  much  valuable  time. 

Farm  No.  12,    A  Successful  Tenant  Farm    (Year  ending  April  i,  1908). 
212  acres,  200  tillable. 


CROPS. 

Acres. 

Yield  per 
acre. 

Com , : . . 

12 

3 
30 
18 

2 
75 

Silo. 

Com 

50  bu. 
54  hu. 
26  bu. 

Oats 

Buckwheat 

Potatoes 

100  bu. 

Hay 

Soil,  Volusia  loam. 
Receipts  per  cow  from  milk,  I56. 
Durham  grade  and  Jersey  grade  cows. 
Durham  grade  bull. 


*The  percentages  here  given  are  on  the  basis  of  comparison  with  farms  operated 
by  owners.    The  comparisons  are  about  the  same  as  it  tenant  averages  were  used. 
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Landlord. 


Capital. ., 

Farm 

Machinery 

7  horses 

17  cows 

160  hens 

Other  stock 

All  else 
Receipts 

buckwheat 

Hay 

Potatoes 

Pears 

Pasture,  rent 

Creamery  milk 

Cattle 

Poultry  and  eggs 

Hogs 

Horse-hire 

All  else 


Labor  and  board 

Seeds 

Fertilizers 

Machinery  and  repairs 

All  else 
Farm  income 

Family  labor 

Interest  on  tenant's  capital 

Tenant's  labor  income 

Landlord's  per  cent  on  investment 


fio,6oo 


I". 371 


75 

340 

40 

68 

248 


179 
624 

25 
6 

12 
475 
"3 

92 

68 


77 


12 

37 


34 


1,671 


83 


1,588 


14% 


This  tenant  made  expenses,  5  per  cent  on  the  total  capital,  and  $2,115 
besides.  That  is,  if  he  had  paid  interest  instead  of  rent  this  would  have 
been  his  labor  income.  The  profits  were  so  divided  that  the  landlord 
made  14  per  cent  on  his  capital  and  the  tenant  made  a  labor  income  of 
$1,095. 

The  profits  were  secured  by  running  a  farm  106  per  cent  larger  than 
the  average  and  having  153  per  cent  more  capital.  The  crop  yields 
were  59  per  cent  above  the  average.  The  receipts  per  cow  for  milk 
were  6  per  cent  above  the  average  for  creamery  milk.  The  large  profits 
are  due  almost  entirely  to  the  size  of  the  business  and  the  crop  sales. 
The  cows  have  contributed  little  to  the  result.  On  the  other  hand,  no 
feed  was  purchased  for  them.  The  rotation  on  this  farm  is  com,  oats, 
hay,  the  hay  being  left  as  long  as  it  will  give  a  good  crop. 

The  tenant  on  this  farm  is  the  owner's  son.  '  Both  father  and  son 
are  doing  very  well  indeed.    It  is  very  doubtful  whether  the  father  could 
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secure  another  tenant  who  would  make  so  large  profits  for  him.  The 
son  would  not  be  likely  to  be  able  to  secure  another  farm  on  which  he 
could  do  so  well. 

Summary  of  most  profitable  farms. 

Sise  of  business.  Table  103  gives  a  summary  of  the  percentages  by 
which  the  most  successful  farms  differ  from  average  farms.  The  most 
striking  difference  is  in  size  of  business.  The  most  profitable  farms 
average  108  per  cent  larger  and  have  an  average  of  147  per  cent  more 
capital  than  the  average  farm,  and  have  94  per  cent  more  cows  than  the 
average. 

Number  of  cows.  These  farms  have  nearly  twice  as  many  cows  per 
farm  as  the  average  farm,  but  the  farms  are  twice  as  large  so  that  they  do 
not  have  quite  so  many  cows  per  100  acres  as  the  average.  The  market 
milk  farms,  Nos.  i,  2,  3,  4,  7  and  1 1,  have  just  about  the  average  number 
of  cows  per  100  acres.  Apparently  an  increase  in  the  number  of  cows 
without  an  increase  in  area  is  not  desirable.  These  men  have  increased 
both  cows  and  area,  but  in  about  the  same  proportions. 

Diversified  farming.  One  of  the  most  striking  characteristics  of  these 
successful  farms  is  the  diversity  of  products.  On  each  farm  there  are 
two  to  four  leading  products,  and  in  most  cases  many  minor  products. 
Those  with  three  leading  products  are  doing  better  than  those  with 
only  two. 

By  combining  two  or  more  leading  products,  the  receipts  are  greatly 
increased  without  much  increase  in  expenses.  For  example,  milk,  pota- 
toes, and  hay  may  be  raised  for  sale  with  little  more  labor  than  is  re- 
quired for  producing  milk.  The  combination  of  all  three  requires  little 
more  horses  or  equipment  than  is  requried  for  any  one.  Other  com- 
binations are  equally  efficient.  The  minor  enterprises,  as  eggs,  colts, 
etc.,  also  help. 

Quality  of  the  business.  The  quality  of  the  business  has  been  in- 
creased, but  not  nearly  so  much  as  the  size.  The  yield  of  potatoes 
averages  82  per  cent  above  the  average,  other  crop  yields  27  per  cent, 
receipts  per  cow  48  per  cent,  receipts  per  sheep  83  per  cent.  None  of 
these  farmers  were  attempting  to  grow  the  largest  possible  crops.  Some 
other  persons  who  are  making  less  money  have  raised  larger  crops. 
These  farmers  are  raising  good  crops,  not  fancy  crops.  Their  hay 
crop  averaged  1.6  tons.  The  average  for  all  farms  was  1.3  tons.  Their 
oats  averaged  43  bushels.  The  average  farmer  got  33.  Their  potatoes 
averaged  219  bushels.  The  cows  on  the  farms  that  sold  market  milk 
averaged  about  8,000  pounds. 
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i^r/ty^h)'/  %\ftii)c'\n^  wt  may  say  that  the  size  of  the  busmcss  (capital; 
h  lyp  \f»ix  fjtni  hU^vc  the  zvtragt  and  that  the  qaalhj  or  prodaction  is 
alx/ut  50  i*tr  cent  atx^ve  the  average.  The  increase  in  size  of  business 
h  af//tjt  three  times  as  great  as  the  increase  in  quality.  In  practically 
all  (\i^4uWum%  of  agriculture,  the  entire  emj^sis  is  placed  on  quality.  It 
u  evirlent  that  the  hizc  of  the  business  is  even  more  important  than 
f|fiality,  (Sec  farm  No.  25,  page  531.;  Both  size  of  business  and  quality 
are  nc^cnnary  for  the  largest  profits. 

Dtstribution  of  capital.  The  shortage  of  capital  on  the  average  farm 
floen  nr;t  ftccm  to  I^  a  shortage  in  any  one  particular,  but  a  shortage 
all  arouiul.  'J'hcsc  farms  with  their  147  per  cent  more  capital  than  the 
av<*ra|;e  farm  have  almost  the  same  distribution  of  capital. 


Distribution  of  Capftai.. 

Average 

aU 
farms. 

Average  12 

most  profitable 

farms. 

Urnl  rslaU; 

73% 
7 
16 

3 

I 

71% 

Miu'liituTy  and  tools 

Llv«'  Hlock 

5 
20 

( Iralii  iind  foiMl 

3 

C'umIi  to  run  funn 

I 

/•Vivi  purchased.  The  concentrated  feed  purchased  per  animal  unit 
h  8t)  \)vr  cent  above  the  average.  If  we  exclude  farms  8,  9,  and  12,  which 
Arc  not  chiiry  farms,  the  feed  purchased  per  animal  unit  is  144  per  cent 
ttbovc  the  uvcragc.  This  is  a  very  imiwrtant  point.  Many  persons  have 
insislcd  that  the  tnuible  with  the  dairyman  is  that  he  buys  too  much 
feed,  ami  that  he  should  raise  this  feed,  but  these  farmers  buy  two  and 
one- half  times  as  much  feed  per  cow  as  the  average.  These  profitable 
farms  arc  no  more  heavily  stocked  per  acre  than  the  average,  and  they 
i\ose  mvu'c  crops  than  the  average  farm  so  that  the  purchase  of  feed 
is  a  ileliberate  choice*  These  farmers  find  that  by  raising  potatoes, 
ha>\  or  other  crv>ps  for  sale  and  by  buying  mill  products  for  grain  feed 
the>  can  make  more  money  than  by  trying  to  raise  all  the  grain  for 
i\>\\s.  They  soKI  an  average  of  $u(xx)  worth  of  crops  and  spent  only 
$l-*<^  for  letxt  This  is  much  better  than  merely  trying  to  avoid  boring 
anv  fe<\t 


Digitized  by  VjOOQIC 


An  Agricultural  Survey  527 

Receipts  and  expenses.  As  a  result  of  the  larger  business  and  better 
production,  the  receipts  on  these  farms  averaged  355  per  cent  greater 
than  on  the  average  farm,  but  the  expenses  and  value  of  unpaid  labor 
were  only  148  per  cent  above  the  average.  The  larger  farms  and 
better  production  allowed  a  much  more  efficient  use  of  machinery,  horses 
and  men. 

Economy  on  these  farms.  The  large  profits  on  these  farms  are  not 
iue  to  the  small  expenses.  The  farmers  spend  more  for  feed  per  animal 
unit  and  spend  more  per  acre  of  land.  These  so-called  extensive  farms 
are  actually  more  intensive  than  the  average  farm.  They  economize  by 
efficiency,  not  by  hoarding  cash.  The  same  number  of  horses  and  men 
do  much  more  work  because  they  have  an  efficient  size  of  business.  They 
have  one  or  two  hired  men  by  the  year,  with  some  extra  help  in  summer, 
and  in  each  case  the  proprietor  works  regularly.  Two  men  can  do  much 
more  than  twice  as  much  work  as  one  man  because  one  man  is  at  a 
disadvantage  in  so  many  farm  operations.  The  minimum  unit  for 
efficiency  on  a  farm  is  two  men  and  four  horses  with  the  proper  area 
of  land. 

Effect  of  such  farms  on  the  cost  of  living  in  cities.  The  receipts  above 
the  value  of  purchased  feed  were  138  per  cent  more  per  acre  on  these 
'farms  than  on  the  average  farm.  These  receipts  must  measure  the 
contribution  to  the  public  food  supply.  The  person  who  is  interested 
in  more  food  for  the  cities  should,  therefore,  rejoice  in  any  movement 
that  will  result  in  more  farms  of  this  kind  —  farms  that  are  primarily 
larger,  more  diversified,  and  somewhat  better  farmed  than  the  average. 
Such  persons  almost  invariably  advocate  small  farms  because  they  think 
only  of  production  per  acre  regardless  of  cost.  The  emphasis  should 
be  placed  on  more  efficient  use  of  men  and  capital.  This  calls  for  more 
land  per  farm  and  more  capital  both  per  farm  and  per  acre. 

The  total  labor  cost  on  the  average  farm  was  $5.16  per  acre.  On 
these  farms  the  cost  was  $5.06.  The  area  farmed  per  horse  is  thirty- 
six  acres  on  the  average  farm  and  the  same  on  these  farms.  The  labor 
cost  per  acre  on  these  farms  is,  therefore,  the  same  as  on  the  average 
farm,  but  the  receipts  above  purchased  feed  per  acre  are  138  per  cent 
more  than  on  the  average  farm.  These  farms  are,  therefore,  138  per 
cent  more  efficient  than  the  average. 

One  of  these  farms,  averaging  212  acres,  contributes  as  much  food 
to  the  city  supply  as  is  contributed  by  505  acres  in  farms  of  average 
size. 
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One  acre  on  these  large,  efficient  farms  contributes  more  food  for  the 
city  than  two  acres  on  the  average  farm. 

Each  person  working  on  these  farms  contributes  more  food  to  the 
city  supply  than  is  contributed  by  two  men  on  the  average  farm. 

Stated  in  another  way:  If  Tompkins  county  could  be  laid  out  in 
farms  of  this  size,  equipped  and  managed  as  efficiently  as  these  farms, 
the  same  number  of  men  and  horses  that  are  now  on  the  farms  would 
be  required,  but  they  would  contribute  over  twice  as  much  to  the  food 
supply  of  cities. 

Farms  making  labor  incomes  between  $i»500  and  $2,000. 

Number  of  farms.  In  the  four  townships  there  were  nineteen  farms 
operated  by  owners  who  made  labor  incomes  between  $1,500  and  ^2,000, 
Some  of  these  farmers  made  part  of  their  money  by  outside  work,  teach- 
ing, running  threshing  machines,  working  on  the  road,  etc.  After  elim- 
inating all  that  were  complicated  by  any  such  outside  work,  twelve  were 
tabulated.  Table  104  shows  how  these  farms  differed  from  tlie  average 
farm. 
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Four  tenant  farms  were  so  well  managed  that  if  the  tenant  had  paid 
interest  instead  of  rent,  his  labor  income  would  have  been  between 
$1,500  and  $2,000.  These  are  not  included  in  the  table  but  show  the 
same  points. 

Eight  of  the  farmers  (numbers  13  to  20  in  Table  104)  are  raising 
as  good  crops  and  have  as  good  cows  as  the  farmers  in  Table  103  who 
made  labor  incomes  of  over  $2,000.  The  following  Table  shows  a 
comparison  of  these  farms : 


Percentages  by  Which  These  Farms  Exceed  the 
Average  Farm. 

Capital. 

Area. 

Yield 

of 

potatoes. 

Yield 

of 
other 
crops. 

Receipts 

per  cow 

from  milk 

and  butter. 

Farms  1-12. 
Labor  incomes  over  $2,000. 

Farms  13-20. 
Labor  incomes  of  $1,500- 
$2,000 

147% 
33 

108% 
51 

82% 
59 

27% 
33 

48^c 
57 

These  men  are  doing  as  good  farming  as  those  who  made  labor 
incomes  of  over  $2,000.  The  only  difference  is  in  the  size  of  business. 
They  have  less  area  and  much  less  capital.  All  that  these  men  need,  in 
order  to  make  as  much  as  the  first  twelve  men,  is  a  bigger  business. 
If  they  had  a  larger  business,  labor  and  machinery  would  be  used 
more  efficiently. 

Farmers  21,  22  and  23  are  raising  as  good  crops  as  the  first  twelve, 
but  they  have  poor  cows  and  too  small  a  business. 

Number  24  has  enough  capital  and  enough  land  to  make  large  profits 
but  his  cows  and  crops  are  too  poor.  His  labor  income  was  $1,976.  If  he 
had  better  cows  he  would  be  among  the  most  successful. 

Size  of  business  and  quality  both  necessary  for  largest  profits.  The 
importance  of  the  size  of  the  business  is  shown  most  strikingly  by 
examining  the  records  of  small  farms  that  are  exceptionally  well  man- 
aged by  men  of  unusual  ability,  and  yet  are  not  paying  well.  The 
following  is  a  good  illustration. 
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Farm  No,  2$.  A  well-managed  business  but  too  small  to  pay.  (Year 
ending  April  i,  1908.) 

63  acres,  15  permanent  pasture,  Receipts    $i|294 

lyi  acres  waste  land.                                         415  bu.  potatoes   $204 

26%  acres  crops.                                                Milk 868 

Capital    $3,669                       Cattle  42 

Farm    $2,500          Eggs    165 

Machinery    250          Poultry    15 

2  horses    275      Expenses 719 

8   cows    400          Labor  and  board  ...  365 

112  hens   67          Seed    18 

All  else  177          Feed,  hay  19 

Crops,  acres.     Yield  per  acre.  F««^'  concentrates  . .  225 

4  com    ...; Silo                       Fertilizers    15 

1  wheat   32  bu.           Machinery     and     re- 

6  oats   39  "  pairs  5 

2  potatoes    250            "  Building   repairs    ...            30 

13  hay   1.5  +  tons  All  else   •      42 

^cabbage 12  "         Farm   income 575 

Soils,     Dunkirk     loam     and     Dunkirk      Interest  on  capital  at  5% 183 

gravelly  loam.  Labor  income   392 

Receipts  per  cow  from  milk...  $109  == 

Receipts  per  hen  from  eggs i  47 

The  yield  of  potatoes  on  this  farm  exceeds  the  average  by  108  per 
cent.  Other  crops  are  28  per  cent  better  than  the  average.  The 
receipts  per  cow  from  market  milk  are  54  per  cent  above  the  average. 
The  receipts  per  hen  from  eggs  are  41  per  cent  above  the  average. 

This  farmer  lives  near  No.  3.  He  follows  the  same  type  of  farming, 
uses  the  same  rotation.  His  soil  is  better.  The  farm  is  the  same  distance 
from  the  railroad.  The  cows  and  the  crops  are  better  than  on  farm 
No.  3.  The  farmer  is  certainly  farming  his  place  as  well  or  better  than 
any  of  the  first  twelve  men.  He  knows  just  what  each  cow  is  doing 
every  year.  The  farm  is  one  of  the  best  organized  and  managed  that 
we  have  seen.  He  is  following  the  most  profitable  kind  of  farming  for 
his  region.  But  he  is  making  little  more  than  a  living.  He  is  making 
about  one-eighth  as  much  as  the  men  with  equal  ability  on  large  farms. 
He  might  perhaps  reduce  his  labor  expense  a  little,  but  this  would  not 
make  much  difference.  The  trouble  is  that  his  farm  and  his  capital 
are  too  small.  He  should  have  more  land.  If  he  can  not  get  it  on 
credit,  he  should  rent  additional  land  or  he  might  sell  the  place  and  buy 
a  larger  one. 
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There  is  more  work  on  this  farm  than  one  might  expect.  Every  day 
the  milk  must  be  hauled  one  and  one-half  miles,  and  this  takes  just  as 
long  as  it  does  to  haul  over  three  times  as  much  milk  from  farm  No.  3. 
The  hauling  of  the  milk  is  worth  15-20  per  cent  of  the  value  of  the 
milk.  On  farm  No.  3  the  hauling  is  only  about  5  per  cent  of  the  value 
of  the  milk.  Neither  the  horses,  men,  nor  machinery  can  be  used  effi- 
ciently on  so  small  a  place. 

Unprofitable  large  farms.  In  four  townships  there  were  twelve  farms 
of  200  acres  or  over  on  which  the  owner  failed  to  make  a  labor  income 
of  $400.  One  did  not  work  on  the  farm  much  of  the  time.  He  made 
interest  on  his  investment  and  good  wages  for  the  time  that  he  spent 
on  the  farm.  One  left  the  farm  in  charge  of  his  boys  who  made  interest  . 
on  the  capital  but  had  little  left  for  their  labor. 

Large  farms  with  small  tillable  area.  On  five  farms  the  large  amount 
of  waste  land  was  the  important  cause  for  low  profits.  These  farms 
averaged  285  acres  in  area,  of  which  only  a  little  over  one-third  was 
tillable.  The  area  in  crops  amounted  to  only  one-fourth  of  the  total 
area.  They  have  about  the  same  productive  area  as  average  farms. 
The  productive  area  has  to  pay  interest  on  the  entire  farm.  Although  the 
average  value  per  acre  of  these  farms  is  only  $26,  there  is  so  much 
waste  land  that  the  investment  per  tillable  acre  is  larger  than  on  the 
average  farm.    The  average  value  per  tillable  acre  on  these  farms  is  $73. 

In  two  cases  so  large  proportions  of  the  farms  were  waste  land  that 
the  values  per  acre  of  tillable  land  were  $104  and  $85.  The  crop  yields 
were  above  the  average  and  the  receipts  per  cow  were  considerably 
above  the  average  on  both  of  these  farms.  But  the  waste  land  alone, 
by  reducing  the  productive  area,  prevented  these  farmers  making  average 
labor  incomes. 

On  three  farms  poor  production  was  an  additional  cause  of  low 
profits.    The  crop  yields  were  very  low  and  unprofitable  stock  was  kept. 

In  purchasing  farms,  persons  are  often  misled  by  the  price  per  acre 
when  there  is  much  waste  land.  The  price  per  acre  may  be  very  low,  but 
the  actual  cost  for  usable  land  be  high.  One  of  the  above  farms  con- 
tained 260  acres  and  was  valued  at  $8,000  or  $31  per  acre,  but  there 
were  only  115  acres  of  tillable  land,  each  acre  of  which  cost  $70.  The 
remaining  land  was  largely  waste  land  along  a  stream  and  very  steep, 
cut-over  woodland. 

Large  farms  with  low  profits  due  to  low  production.  On  five  of  the 
large  farms  that  failed  to  make  labor  incomes  of  $400,  the  failure  was 
due  to  the  poor  quality  of  the  business. 


Digitized  by  VjOOQIC 


An  Agricultural  Survey  533 

Three  had  poor  crop  yields  and  then  fed  the  crops  to  cows  that  did 
not  pay  for  their  feed. 

Two  raised  good  crops  but  lost  their  profits  by  feeding  poor  cows. 
One  of  these  men  made  a  labor  income  of  minus  $136.  His  crops  were 
very  good.  If  he  had  sold  the  crops  his  labor  income  would  have  been 
about  $1,000.  In  other  words,  he  paid  about  $1,136  for  the  privilege  of 
keeping  cows  and  hauling  the  milk  two  and  one-half  miles  each  day.  It 
may  be  said  that  he  got  the  manure,  but  this  amount  of  money  would 
have  purchased  the  manure  in  New  York  or  Buffalo,  have  shipped  it 
to  his  farm,  and  yet  allowed  him  to  make  farm  wages.  His  cows  were 
a  httle  poorer  than  the  average  of  those  selling  creamery  milk,  but  cows 
must  be  much  better  than  the  average  if  any  money  is  to  be  made  from 
creamery  milk. 

The  most  successful  small  farms.  While  the  largest  profits  cannot 
be  made  with  a  small  business,  yet  some  men  with  little  land  were  doing 
fairly  well.  In  the  four  townships  seven  farmers  who  had  farms  of 
fifty  acres  or  less  made  labor  incomes  of  over  $600. 

Farm  No,  26.  This  farmer  had  forty  acre§  of  land  and  a  total  capital 
of  $5>430»  and  made  a  labor  income  of  $1,051.  He  derived  practically 
all  of  his  income  from  selling  milk  at  retail.  A  few  potatoes  and  eggs 
were  sold.  He  kept  nine  cows  and  two  horses.  In  addition  to  the  milk 
for  home  use  and  raising  one  calf,  the  nine  cows  produced  25,550  quarts 
of  milk  for  sale.  The  owner  is  fifty  years  old.  He  did  practically  all 
the  work  alone,  including  the  retailing  of  the  milk  on  a  five-mile  route 
every  day  in  the  year.  The  total  value  of  labor  and  board  of  hired  help 
was  only  $40.  This  man  has  his  farm  clear  so  that  he  could  rent  or  buy 
additional  land  if  he  desired.  If  the  area  were  increased  by  one  of 
these  means,  he  could  keep  a  hired  man  by  the  year.  In  this  way  he 
could  probably  make  more  money  and  have  more  freedom. 

Farm  No.  2j  has  fifty  acres  with  a  total  capital  of  $6,133.  The  labor 
income  was  $832.  This  farmer  had  forty-eight  sheep,  from  which  he 
sold  fifty-six  lambs  for  $353  and  288  pounds  of  wool  for  $75.  Some 
of  the  old  sheep  were  -sold  at  a  loss  of  $10.  His  net  sales  from  the 
forty-eight  sheep  were  $418,  or  $8.71  per  sheep.  Other  sales  were :  hay, 
$384;  potatoes,  $165;  apples,  $106;  eggs,  $100;  hogs,  $84.  The  total 
cost  of  hired  labor  and  value  of  board  of  labor  was  $70.  The  results  are 
due  to  exceptionally  good  crops  and  good  sheep.  Everything  considered, 
this  is  probably  the  best  farm  in  the  class. 

Farm  No,  28,    This  farmer  had  forty-six  acres  of  land  and  a  capital 
of  $6,162.    He  made  a  labor  income  of  $773  by  selling  wholesale  market 
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milk,  hay,  and  potatoes.     His  farm  is  practically  like  farm  No.  3,  page 
514,  only  smaller. 

Farm  No.  ^p.  With  a  farm  of  forty-seven  acres  and  a  capital  oi 
$2,831,  this  farmer  made  a  labor  income  of  $768.  The  owner  hired 
out  one-third  of  the  time.  He  sold  potatoes,  hay,  milk,  and  eggs.  Of 
the  total  capital  he  still  owes  $1,900. 

Farm  No.  30.  This  farmer  had  fifty  acres  of  land  and  a  capital  uf 
$3,168.  His  chief  product  was  hogs,  raised  on  garbage  that  he  collected 
in  town.  He  also  sold  butter,  potatoes,  hay,  and  eggs,  and  hired  ou: 
some.    His  labor  income  was  $715. 

Farm  No.  31,  This  farmer  had  forty-eight  acres  of  rough  land,  a 
capital  of  $3,564,  and  made  a  labor  income  of  $632.  He  sold  $981  worth 
of  fruit,  chiefly  plums  and  grapes. 

Farm  No.  32,  A  farm  of  fifty  acres  and  capital  of  $7,810  produced 
a  labor  income  of  $618.  The  sales  were  cabbages,  strawberries,  applet, 
cherries,  and  eggs. 

Conclusions  on  profitable  small  farms.  Six  other  farms  of  less  than 
fifty  acres  made  labor  incomes  of  between  $500  and  $600.  Three  of 
the  thirteen  farms  derived  most  of  their  income  from  fruit  or  truck  and 
one  depended  mostly  on  milk.  Potatoes  were  an  important  item  on  all 
the  others,  milk  or  butter  was  the  leading  item  on  two,  hogs  on  one,  sheep 
on  one,  and  eggs  on  two. 

Apparently  the  most  profitable  types  of  farming  for  small  farms  are: 

1.  General   farming   with  potatoes,   eggs,   and  retail   or   market 

milk  as  the  leading  items.    Sheep  may  replace  the  cows. 

2.  Fruit-growing  or  truck-growing,  or  both. 

On  none  of  the  small  farms  did  it  pay  to  sell  creamery  milk  or  butter. 
It  takes  practically  as  much  time  to  haul  or  churn  the  milk  from  one 
cow  as  from  twenty,  and  at  best  creamery  milk  or  butter-making  are 
not  very  profitable  in  this  county. 

Numbers  27,  28,  and  32  have  more  capital  than  the  average  farm. 
They  have  more  capital  than  farms  13,  14,  and  20  in  Table  104.  There 
are  other  farmers  with  no  more  capital  who  are  also  making  more  than 
these  three  with  small  farms.  It  is  often  found  that  small  farms  have 
a  large  capital.  Such  farms  should  be  compared  with  others  having 
the  same  capital  rather  than  with  farms  of  the  same  area.  A  muck- 
farm  of  ten  acres  sometimes  requires  as  large  a  capital  as  a  general 
farm  of  200  acres. 

Many  of  the  farmers  with  small  farms  hire  out  a  considerable  part 
of  the  time.    Usually  it  will  pay  better  to  rent  or  buy  additional  land  if 
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possible.  About  one  farmer  in  seven  in  the  county  rents  additional  land 
because  his  farm  is  too  small.  These  men  are  doing  much  better  than 
those  who  have  small  farms,  and  do  not  rent. 

Successful  farms  with  small  capital.  No  farm  with  a  capital  of  less 
than  $2,000  gave  a  labor  income  as  large  as  $600.  Five  farms  with  a 
capital  of  $2,000  to  $3,000  gave  labor  incomes  of  over  $600 ;  the  highest 
was  $794. 

One  of  the  farms  has  already  been  discussed,  No.  29,  page  534.  Three 
made  up  for  the  shortage  in  capital  by  renting  additional  land,  so  that 
only  in  two  cases  does  the  capital  given  represent  the  capital  used. 

Farm  No.  33,  This  farmer  had  seventy-one  acres  of  land,  a  total 
capital  of  $2,851,  and  made  a  labor  income  of  $794.  His  sales  were: 
potatoes,  $500;  lambs,  $206;  wool,  $49;  eggs,  $90;  hay,  $88;  buckwheat, 
$80;  oats,  $60;  pears,  $30;  butter,  $50.  He  raised  forty  lambs  from 
twenty-four  sheep.  Six  of  these  were  kept  to  replace  sheep  that  died. 
His  receipts  per  sheep  were  $10.63.  Seven  acres  of  potatoes  yielded  186 
bushels  per  acre.  The  other  crop  yields  were  good.  This  is  the  most 
successful  farm  for  the  amount  of  capital. 

Farm  No.  34.  This  man  had  fifty-four  acres  of  land,  a  capital  of 
$2,295,  ^^^  made  a  labor  income  of  $743.  He  rented  thirty-one  addi- 
tional acres  of  land  for  $140  cash  rent.  His  chief  sales  were :  hay,  $663 ; 
potatoes,  $385 ;  eggs,  $100.  He  also  kept  a  few  cows  for  three  months 
and  sold  a  little  butter.     He  is  just  starting  farming. 

Farm  No.  35.  This  is  another  case  of  increasing  the  capital  by 
renting  additional  land.  This  man  had  eighty  acres  of  land,  a  capital  of 
$2,988,  and  made  a  labor  income  of  $674.  He  rented  three  other  farms 
on  shares.  His  chief  sales  were  hay  and  potatoes.  The  large  area  of 
hay  cut  on  shares  enabled  him  to  make  a  profit  in  spite  of  fourteen  cows 
from  which  he  sold  only  1,609  pounds  of  butter  and  $86  worth  of 
calves.    The  cows  lacked  considerable  of  paying  for  their  feed. 

Farm  No.  36.  This  farmer  had  only  thirty  acres  of  land  and  a  capital 
of  $2,768,  but  increased  his  area  by  farming  forty-five  acres  on  shares. 
His  labor  income  was  $628.    The  important  sales  were  potatoes  and  hay. 

Types  of  farming  for  farms  with  small  capital.  There  were  ten 
farmers  who  had  $3,000  to  $4,000  capital  who  made  labor  incomes  of 
over  $600;  the  highest  was  $800.  These  were  of  the  same  general  type 
as  those  shown  above. 

Potatoes  were  an  important  crop  on  all  but  three  of  the  fifteen  farms 
and  were  the  most  important  item  on  nine.    One  of  the  others  depended 
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chiefly  on  fruit  and  two  on  hay.  Three  made  money  on  market  milk, 
two  on  butter.  Four  kept  sheep,  one  of  whom  did  every  well  on  them. 
Eggs  were  a  minor  source  of  income  on  each  farm. 

Apparently  the  farms  with  small  capital  can  do  best  by  raising  potatoes, 
fruit,  or  some  other  intensive  crops.  If  too  short  of  capital,  cows  do  not 
seem  to  offer  much  opportunity.  Only  those  with  over  $3,000  made  much 
from  cows.  Potatoes,  sheep,  hay,  and  eggs  seem  to  make  a  good  com- 
bination for  men  with  small  capital. 

Conclusions  on  fanning  with  small  capital.  If  one  has  a  farm  and  is 
farming  with  a  very  small  capital,  one  of  the  best  ways  to  supplement 
it  is  to  rent  additional  land.  Usually  it  i&  better  to  be  a  tenant  than  an 
owner,  if  one  has  a  small  capital.  There  are  many  cases  in  which  it 
would  pay  owners  to  sell  out  and  become  tenants  on  larger  or  better 
farms. 

The  average  tenant  with  less  than  $3,000  capital  is  making  a  better 
labor  income  than  the  average  of  any  of  the  groups  of  owners  with  less 
than  $5,000  capital.  The  chances  of  a  tenant  making  over  $600  are  also 
better  than  for  owners  with  less  than  $5,000  capital.  Six  of  the  sixteen 
tenants  who  had  $2,000  to  $3,000  capital  made  labor  incomes  of  over 
$600  and  two  of  these  made  over  $2,000  (Tables  105  and  106). 


TABLE  105.  Relative  Opportunities  for  Men  With  Small  Capital  as  Tenants 

AND  AS  Owners. 


Tenants. 

Owners. 

Capital. 

Num 
ber 
farm- 
ers. 

NUMBER  MAKING  LABOR 
INCOMES  OF — 

Num 
ber 

farm- 
ers. 

NUMBER  MAKING  LABOR 
INCOMES  OF— 

$601 

to 

$1,000 

$1,001 

to 
$1,500 

Over 
$1,500 

$601 

to 

$1,000. 

$1,001 
to 

$1,500. 

Over 

I1.500 

$1,000  or  less 

1,001-2,000 

2,001-3,000 

3,001-4,000 

4,001-5,000 

5,001-6,000 

Over  6,000 

16 

I 

I 
I 

5 
8 
2 
0 

0 
0 

I 
0 
2 
0 

0 
0 

0 
0 

2 
0 

0 
I 

I 

114 
92 

91 
196 

0 
0 

4 
II 
II 
18 
46 

0 
0 
0 

0 

2 

8 
22 

0 
0 
0 
0 

I 
3 
21 
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TABLE  io6.  Relative  Opportunities  for  Men  With  Small  Capital  as  Owners 

AND  AS  Tenants. 


Capital. 


Average 

labor 

income, 

farms 

operated  by 

owners. 


Per  cent 

making 

incomes 

of  over  |6oo. 


$3,000  or  less 
3,001-4,000. 
4,001-5,000. 
5,001-6,000. 

Over  6,000. . 


3^ 
10 

32 
45 


TENANTS 

131  tenants  with  capital  of  less  than  l3,ooi,  averaging  $1,187,  made  an  average  labor 
income  of  $367  and  15  per  cent  made  over  $600. 

It  is  evident  that  the  opportunities  of  an  owner  with  less  than  $5,000 
are  not  so  good  as  are  the  opportunities  of  a  tenant.  Very  few  men 
remain  tenants  after  the  total  value  of  their  farm  property  (capital)  is 
over  $2,000.  Apparently  one  should  have  a  capital  of  at  least  $2,500 
and  be  able  to  secure  at  least  as  much  more  on  credit  before  he  changes 
from  tenant  to  owner,  as  $5,000  seems  to  be  the  least  capital  on  which  one 
is  likely  to  succeed  as  an  owner  unless  he  rents  additional  land. 

If  a  tenant  is  on  a  good  farm,  it  will  usually  pay  to  remain  there  until 
he  has  a  chance  to  buy  a  good  place.  It  is  better  to  rent  a  good  farm 
than  to  own  a  poor  one.  Half  of  the  crop  on  good  land  is  often  more 
than  the  entire  crop  on  poor  land. 

If  a  tenant  has  a  capital  of  $1,500  and  is  renting  a  poor  farm,  it  will 
usually  pay  to  move  to  a  good  farm  and  continue  to  rent  until  he  can 
buy  a  good  place.  Tenants  who  have  this  much  equipment  can  usually 
rent  good  farms. 

If  one  has  a  position  in  which  he  is  sure  of  good  wages,  it  is  often 
better  to  continue  in  this  position  until  he  has  sufficient  capital  to  start 
as  an  owner.  If  he  is  so  situated  that  he  can  look  after  the  place,  it 
wmII  probably  be  best  to  buy  a  good  farm  and  continue  to  work  for  wages 
until  he  has  money  enough  to  equip  it.  In  the  meantime,  a  tenant  may 
be  kept  on  the  farm. 

Unprofitable  farms  with  large  capital.  Three  farmers  in  four  town- 
ships with  a  capital  of  over  $15,000  failed  to  make  labor  incomes  of  $600. 
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One  farmer  was  away  and  left  the  place  in  care  of  his  sons  who  made 
interest  on  the  capital,  but  had  little  left  as  pay  for  their  time  (page  532), 

One  raised  good  crops  but  made  a  labor  income  of  minus  $136,  due 
to  feeding  the  crops  to  poor  cows  from  which  he  sold  creamery  milk 
(page  533). 

The  third  case  was  of  a  farmer  whose  land  had  a  high  valuation  as 
prospective  city  lots.  His  receipts  were  $700  above  his  farm  expenses, 
but  this  lacked  $500  of  paying  interest  on  the  capital. 

Relation  of  soil  to  types  of  farming. 

General  relationships.  The  physical  character  of  the  soil  affects  the 
type  of  farming  to  a  limited  extent,  but  the  elevation,  roads,  and  distance 
to  market  are  the  controlling  factors  in  this  county.  There  are  a  few 
truck  farms.  These  are  usually  on  easily  tilled  soil  and  near  market. 
Most  of  the  fruit  is  along  Cayuga  lake.  This  serves  to  protect  peaches 
and  grapes  from  frost.  Apples  seem  to  do  well  in  any  part  of  the  count}- 
if  the  soil  is  not  wet.  There  is  relatively  more  hay  and  less  grain  grown 
on  the  Volusia  silt  loam  than  on  the  other  soil  types.  In  general,  the 
question  of  getting  products  to  the  railroad  is  the  controlling  factor. 

Profitable  farms  on  Volusia  silt  loam.  Of  sixty-five  farmers  who 
operated  their  own  farms  on  this  type  of  soil,  five  made  labor  incomes  of 
over  $600. 

One  of  these  sold  market  milk  and  potatoes.  By  combining  with 
neighbors  he  had  to  haul  milk  only  one  day  in  five.  Had  it  not  been  for 
this  combination,  he  could  not  have  sold  market  milk  at  a  profit.  He 
made  a  labor  income  of  $1,876  (See  No.  22,  Table  104). 

One  of  the  neighbors  who  was  a  partner  in  the  milk-hauling  made  a 
labor  income  of  $928.  He  had  a  farm  of  200  acres  and  a  capital  of 
$12,560.    His  chief  sales  were  market  milk,  potatoes,  and  cattle. 

Another  made  a  labor  income  of  $944.  His  chief  product  was  retail 
milk.  He  also  sold  some  hay,  calves,  hogs,  and  eggs.  He  had  176  acres 
of  land  and  a  capital  of  $14,910.  It  required  6  hours  a  day  to  retail  the 
milk. 

One  farmer  with  247  acres  of  land  and  a  capital  of  $8,538  made  a 
labor  income  of  $764.  His  farm  was  quite  general,  selling  hay,  creamer}' 
milk,  cattle,  buckwheat,  wht.  t  etc.  His  cows  were  not  well  fed  and 
gave  a  low  production. 

The  fifth  man  made  a  labor  income  of  $692.  He  fed  steers  and  sold 
oats,  wheat,  potatoes,  buckwheat,  etc. 

In  Caroline  township  there  were  twenty-two  farms  operated  by  owners 
on  the  Volusia  silt  loam.  One  made  over  $600  labor  income.  His  sales 
were  pears,  raspberries,  blackberries,  strawberries,  and  a  little  milk. 
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The  same  types  of  farming  seem  to  pay  on  the  Volusia  silt  loam  as 
on  other  soil  types.  Market  milk,  potatoes,  and  hay  seem  to  oe  one  of 
the  best  combinations.  But  this  soil  type  is  usually  so  far  from  the 
railroad  that  it  is  impossible  for  each  farmer  to  haul  milk  every  day  and 
make  a  profit. 

One  of  the  most  important  recommendations  for  farmers  on  the  hill 
lands  is  that  they  combine  to  have  milk  hauled  to  the  railroad  either 
by  exchange  or  by  hiring. 

The  case  of  the  farmer  who  grew  fruit  is  very  suggestive.  Few  efforts 
have  been  made  to  raise  fruit  on  this  land. 

Other  types  of  farming.  See  the  following  pages  for  discussions  of : 
hay  farms,  page  456;  potato  farms,  page  458;  intensive  dairy  farms, 
pages  506  to  509;  comparison  of  butter,  creamery  milk,  market  milk, 
and  retail  milk,  page  483;  sheep,  page  495;  hogs,  page  502;  hens, 
page  499. 

FORMS  OF  TENURE 

Numbers  of  tenants  and  owners.  In  the  entire  county,  68  per 
cent  of  the  farms  were  operated  by  owners,  8  per  cent  were  operated 
by  owners  who  rented  additional  land,  and  24  per  cent  were  operated 
by  tenants.  Seventy-six  per  cent  of  the  farmers,  therefore,  owned  at 
least  a  part  of  the  land  they  operated.  More  than  24  per  cent  of  the 
area  is  rented  because  tenant  farms  are  larger  than  owned  farms  and 
because  some  of  the  owners  rented  additional  land. 

Some  owners  do  little  or  no  work  on  their  farms.  In  the  townships 
of  Ithaca,  Dryden,  Danby,  and  Lansing,  8  per  cent  of  the  owners  were 
of  this  class.  They  lived  on  the  farm,  but  had  all  or  nearly  all  of  the 
crops  grown  on  shares  (Table  107). 

TABLE  107.  Forms  of  Tenure. 

Per  cent 
of  total. 


Regular  owners 623  63% 

Owners  who  rent  additional  land 99  10 

Owners  who  live  on  the  farm,  but  have  all  or  most  of  the 

crops  grown  on  shares 74  8 

Regular  tenants 151  15 

Tenants  who  rent  farms  of  more  than  one  landlord 35  4 


Systems  of  rental.    In  the  four  townships  19  per  cent  of  the  tenants 
paid  cash  rent,  6  per  cent  gave  a  share  of  the  crops,  and  75  per  cent 
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gave  a  share  of  all  or  nearly  all  receipts.  Farms  are  rarely  rented  for 
more  than  one  year  at  a  time,  but  the  tenants  remain  an  average  of 
about  five  years. 

Cash  rent.  Besides  furnishing  the  farm,  the  landlord  pays  for  all 
extensive  repairs  or  improvements  and  usually  pays  the  taxes.  In  one- 
third  of  the  cases,  the  landlord  furnishes  grass  seed.  A  few  furnish 
other  things.  The  average  size  of  cash-rented  farms  was  ninety-nine 
acres.  The  average  rent  was  $186.  This  amounts  to  $1.88  per  acre 
or  $2.66  per  tillable  acre.    The  rent  per  acre  varied  from  $0.77  to  $5.32. 

In  the  township  of  Danby  the  average  rent  per  acre  was  lowest,  but 
the  cost  per  tillable  acre  was  higher  than  the  average.  The  rent  per 
tillable  acre  was  $0.93  more  than  in  Dryden  and  $0.51  more  than  in 
Lansing.  The  poorer  land  rents  for  less  money,  but  is  actually  costing 
more  per  tillable  acre. 

Share  of  crops.  The  landlord  pays  for  all  extensive  repairs,  taxes, 
and  usually  furnishes  the  grass  and  clover  seed  and  pays  half  the  thresh- 
ing, hay  pressing,  and  fertilizer  bills,  and  receives  half  the  crops.  The 
horses  are  usually  fed  out  of  undivided  hay,  and  sometimes  frcmi  un- 
divided grain.  The  tenant  is  sometimes  allowed  to  keep  a  cow  or  two 
on  undivided  hay.  Many  minor  variations  occur  as  a  result  of 
bargaining. 

Share  of  receipts.  The  general  system  of  renting,  when  receipts 
are  shared,  is  for  the  landlord  to  pay  taxes  and  extensive  repairs,  and 
half  the  feed,  seed,  fertilizer,  threshing,  and  hay  pressing  bills,  and  fur- 
nish half  the  stock  except  horses,  and  receive  half  of  all  receipts.  The 
tenant  furnishes  all  labor,  including  horses  and  machinery.  All  kinds 
of  variations  occur  as  results  of  circumstances  and  bargaining.  Very 
few  cases  are  identical. 

Half  of  the  tenants  furnish  all  the  poultry.  Some  furnish  all  the  sheep 
or  all  the  hogs.  In  such  cases,  the  sheep  or  hogs  are  not  numerous,  and 
the  tenant  gets  all  the  income  from  them.  The  tenant  usually  furnishes  all 
the  horses,  machinery,  and  tools.  In  a  few  cases,  the  landlord  furnishe> 
some,  usually  what  he  happens  to  own.  If  the  landlord  furnishes  a  large 
part  of  the  horses  or  equipment,  he  may  get  more  than  one-half  of  the 
receipts.  The  feed  for  the  stock  is  usually  taken  from  the  undivided 
feed  and  expense  for  purchased  feed  is  shared  equally.  When  the 
tenant  owns  some  of  the  stock,  except  horses,  and  receives  all  the  income 
from  It,  he  usually  furnishes  all  the  grain  feed  for  it.  The  tenant 
furnishes  all  the  labor  except  that  in  some  cases  the  landlord  agrees  to 
help  in  harvest,  or  in  threshing,  or  in  silo  filling.  Grass  seed  may  be 
furnished  by  the  landlord  or  by  both  parties.  Other  seeds  are  furnished 
out  of  the  undivided  supply,  or  each  pays  for  half.    Ffrt}l|f^f^|^pense 
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is  generally  shared  equally,  but  all  or  two-thirds  may  be  paid  by  the 
landlord,  usually  depending  on  the  length  of  the  lease.  Repairs  on  ma- 
chinery are  paid  for  by  the  one  who  owns  the  machinery,  usually  the 
tenant.     Horse-shoeing  is  paid  for  in  the  same  way. 

Relation  of  systems  of  rental  to  profits.  The  tenants  who  paid  cash 
rent  made  an  average  labor  income  of  $604,  almost  twice  as  large  as  the 
average  of  those  who  gave  half  of  the  receipts,  $342.  The  landlords  who 
rented  for  cash  made  5.2  per  cent  interest.  Those  who  rented  for  half 
the  receipts  made  9  per  cent.  There  are  not  enough  farms  rented  for 
half  the  crops  to  give  a  reliable  average. 

With  cash  rent,  the  tenant  must  furnish  more  capital  and  must  take 
more. risk.  But  this  is  usually  much  better  for  the  tenant,  if  he  has 
money  enough. 

When  the  landlord  shares  in  the  receipts  from  stock,  he  usually  gives 
considerable  attention  to  the  farm,  and  assumes  considerable  risk.  His 
percentage  is  not  all  for  interest;  part  of  it  goes  for  care  and  risk 
(Table  108)  : 

TABLE  1 08.  Relation  of  System  of  Rental  to  Profits  and  Other  Factors 


Num- 
ber 
farms. 

Capital. 

Ten- 
ant's 
labor 
income. 

Land- 
lord's 

per  cent 
on 

invest- 
ment. 

Years 

of 
occu- 
pancy. 

Yiele 

)  of — 

Form  of  Rental. 

Ten- 
ant's. 

Land- 
lord's. 

Oats. 

Hay 

Cash 

29 

6 

109 

$1,584 
1,177 
1,264 

I3.659 
3.629 
5,667 

I604 
467 
342 

5.2%* 
12.4 
9.0 

4.4 
5.0 

5.5 

Bu. 

31 
32 
31 

Tons, 
1.29 
1.09 
1.31 

Half  crops 

Half  receipts 

Half  of  the  crops  are  usually  paid  for  the  labor  of  growing  them. 
A  tenant  may  make  money  if  he  sells  these  crops.  But  if  he  furnishes 
half  the  feed  for  average  cows  and  gets  half  the  milk,  he  gets  very  low 
wages  for  the  additional  work. 

If  an  owner  feeds  $60  worth  of  feed  to  a  cow  (page  475)  whose 
product  is  worth  $65  (page  479),  he  gets  milk  for  home  use,  $5,  and  the 
manure  to  pay  for  labor,  interest  and  depreciation  on  cows,  buildings,  etc. 
The  chief  of  these  items  is  labor.  On  ten  such  cows,  he  would  receive 
$50  above  the  cost  of  feed. 

But  if  a  tenant  furnishes  the  labor  and  half  the  feed  for  ten  such 
cows,  he  gets  only  $25  for  this  part  of  his  year's  work.  If  he  leaves 
the  farm  in  the  spring  he  receives  no  benefit  from  the  manure.  *  Probably 
he  spends  nearly 'half  of  his.  time  taking  care  of  ten  cows,  hauling  milk, 
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etc.  It  is  evident  that  the  cows  must  be  better  than  average  cows  if  a 
tenant  is  to  make  anything  when  he  shares  the  receipts  from  cows. 
Either  the  cows  should  be  unusually  good  ones  or  there  should  be  few  of 
them  if  the  tenant  is  to  make  money. 

Relation  of  systems  of  rental  to  other  factors.  The  average  years 
that  the  present  tenant  has  rented  the  farm  which  he  now  occupies  is 
4.4  for  cash  rented  farms,  and  5.5  years  for  the  farms  on  which  half 
of  the  receipts  are  given  for  rent. 

The  crop  yields  with  these  two  systems  of  rental  seem  to  be  practically 
the  same  (Table  108). 

Comparison  of  tenant  farms  with  farms  operated  by  owners.  The 
average  size  of  farms  operated  by  owners  is  103  acres,  and  of  farms 
operated  by  tenants  127  acres  (Table  25).  The  percentage  of  tillable 
land,  woods,  etc.,  is  practically  the  same  in  each  case. 

The  average  total  capital  in  the  farm  business  on  farms  operated 
by  owners  is  $5,527  and  on  farms  operated  by  tenants  $6,562  (page  399). 

Th,e  average  value  per  acre  of  farms  operati  A  by  owners  is  $44,  and 
for  tenant  farms  $40.  The  average  value  of  all  equipment  per  acre  is 
$10  for  owners  and  $11  for  tenants. 

The  proportion  of  tenant  farms  is  greater  on  the  best  soils.  Only 
14  per  cent  of  the  farms  on  Volusia  silt  loam  are  rented,  but  on  Miami 
stony  loam  24  per  cent  are  rented  (Table  51). 

Farms  operated  by  owners  average  3.29  miles  from  market;  those 
operated  by  tenants  average  2.64  miles  (page  439). 

The  average  receipts  per  farm  operated  by  owrers  were  $1,146  and 
per  farm  operated  by  tenants  $1,340  (Table  15),*  The  receipts  per  acre 
were  $11.13  for  owners  and  $10.55  for  tenant  farms.  The  tenant  farms 
derive  about  the  same  proportion  of  the  receipts  from  stock  products 
as  do  the  owners  (Table  15). 

The  average  expenses  per  farm  operated  by  owners  were  $389  and 
per  farm  operated  by  tenants  $430  (Table  21).^  The  expenses  per  acre 
were  $3.78  and  $3.39.  The  net  receipts  per  acre  (receipts  minus  ex- 
penses) were  $7.35  on  farms  operated  by  owners  and  $7.16  on  tenant 
farms. 

The  average  labor  income  made  by  owners  was  $423.  The  tenant 
farms  may  be  compared  with  these  by  assuming  that  the  tenants  pay 
interest  instead  of  rent.  The  labor  incomes  on  the  tenant  farms  would 
then  have  been  $547.  The  rent  amounted  to  more  than  5  per  cent  interest 
so  that  the  tenants  did  not  get  this  amount;  but  the  money  was  pro- 
duced, which  gives  us  a  means  of  comparing  farms. 

*  Receipts  on  tenant  farms  are  those  from  products  and  labor.  Cash  rent  received  by  the  land- 
lord is  not  included.  ....  ^^  ^ 

*  These  expenses  on  tenant  farms  do  not  include  cash  rent.  (     r^r^n\t> 
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The  tenants  grow  practically  the  same  proportion  of  each  kind  of 
crops  as  do  owners  (Table  65).  The  tenants  sell  the  same  proportion 
of  the  hay  grown,  but  sell  a  little  larger  proportion  of  their  grain 
(Table  66). 

The  average  number  of  animal  units  per  farm  was  14.5  for  farms 
operated  by  owners  and  22  for  tenant  farms.  On  the  owner's  farms 
there  were  an  average  of  yjz  acres  of  land  for  each  animal  unit  and  on 
tenant  farms  5.9  acres  (Page  474). 

The  crop  yields  on  tenant  farms  are  practically  the  same  as  on  farms 
operated  by  owners  (Table  109)  : 

TABLE  109.  Relation  of  Tenure  to  Crop  Yields. 


Yields  Per  Acre. 


Farms 

operated 

by  owners. 


Farms 

operated 

by  tenants. 


Hay 

Oats. ..... 

Potatoes. . 

Com 

Wheat. . . . 
Buckwheat 


Tons, 

1-3 
Bushels. 

33 
120 

30 

21 

17 


Tons, 

1-3 
Bushels. 

31 
131 
30 
21 
16 


It  is  evident  that  the  tenant  farms  are  on  the  average  better  than  those 
occupied  by  owners.  Contrary  to  popular  opinion,  the  tenants  do  not 
sell  more  hay  than  the  average  owner.  They  keep  more  stock  for  the 
size  of  their  farms. 

Tenant's  labor  income.  The  labor  incomes  of  tenants  averaged 
$379,  owners  averaged  $423  (Table  i). 

Large  capital,  large  farms,  good  soils,  high  values  per  acre,  nearness 
to  market,  each  enabled  the  tenants  to  make  large  labor  incomes  (Tables 
10,  30,  SO,  43.  54). 

Comparison  of  tenants  and  owners.  The  average  age  of  owners  was 
52  years  and  of  tenants  42  years.  Half  of  the  tenants  are  over  40  years 
old  (page  549). 

Thirty  per  cent  of  the  owners  and  17  per  cent  of  the  tenants  have 
had  more  than  a  district  school  education  (Table  115). 
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The  average  size  of  the  family  living  on  tenant  farms  was  3.84  indi- 
viduals and  on  farms  operated  by  owners  3.59. 

Occupation  of  landlords.  Twenty  per  cent  of  the  landlords  are 
women,  23  per  cent  are  men  who  are  farmers,  20  per  cent  retired  farm- 
ers, 37  per  cent  are  men  with  various  professions,  trades  and  businesses, 
eighteen  different  occupations  being  represented. 

Of  the  farms  owned  by  women,  53  per  cent  are  rented;  of  those 
owned  by  men,  16  per  cent  are  rented.  Of  the  women  who  still  live 
on  their  farms,  a  large  number  have  part  or  all  of  the  crops  grown  0*1 
shares.    Only  15  per  cent  of  the  women  farm  all  their  land 

The  occupation  of  the  owner  seems  to  have  a  very  decided  relation- 
ship to  his  profits.  The  landlords  who  were  farmers  and  retired  farm- 
ers made  an  average  of  9.9  per  cent  on  their  investments.  Those  who 
were  not  farmers  received  7.1  per  cent.  That  the  increased  profits 
were  due  to  better  management  is  shown  by  the  fact  that  the  tenants  who 
rented  from  farmers  made  an  average  of  $20  better  labor  incomes. 

WOMEN  AS  FARMERS 

Why  there  arc  women  farmers.  Records  for  a  number  of  women 
farmers  were  obtained  in  the  four  townships.  With  a  few  possible 
exceptions,  these  women  are  concerned  with  the  business  of  farming 
simply  as  a  result  of  chance.  It  was  not  their  choice  to  be  farmers. 
Nearly  all  were  wives  or  daughters  of  farmers  and  inherited  their 
farms.  About  half  of  those  who  own  farms  continue  to  make  the  farm 
their  home  rather  than  rent  it.  A  few  of  these  women  have  taken  up 
the  business  of  farming  and  engaged  in  it  actively.  Others  are  living 
on  the  farms  and  accepting  such  incomes  as  the  farms  furnish,  without 
making  much  effort  to  increase  the  business.  If  we  could  eliminate 
from  the  following  calculations  the  incomes  of  those  who  just  lived 
on  their  farms  and  did  not  really  farm  them,  the  average  income  made 
by  these  women  would  undoubtedly  be  greater. 

A  much  greater  proportion  of  the  women  than  of  the  men  rent  their 
farms  in  preference  to  assuming  the  direct  management  of  them.  Of  the 
farms  owned  by  women,  53  per  cent  were  rented,  whereas  only  16  per 
cent  of  those  owned  by  men  were  rented.  Many  of  the  women  who  livt 
on  their  farms  have  all  or  nearly  all  of  the  crops  grown  on  shares.  Only 
15  per  cent  of  the  women  who  own  farms  assume  the  active  management. 

Area  and  capital  owned  by  women.  Women  owned  about  9  per  cent 
of  the  farm  area  in  these  four  townships,  104  acres  each  on  the  average. 
The  largest  farm  owned  by  a  woman  contained  409  acres.  The  women 
who  personally  operated  their  farms  had  an  average  investment  of  $4,- 
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922.  Those  who  rented  their  farms  and  who,  therefore,  had  much  less 
invested  in  stock  and  machinery,  had  an  average  investment  of  $4,225. 
The  largest  investment  by  a  woman  was  $16,075. 

Profits.  Complete  records  were  obtained  for  thirty-two  of  the  farms 
operated  by  women.  The  average  farm  income  made  by  these  women 
was  $428.  If  not  in  debt,  this  amount  in  the  country,  with  no  rent  to  pay, 
with  at  least  half  of  the  table  necessities  and  most  of  the  fuel  supplied, 
affords  a  comfortable  living. 

The  average  labor  income  made  by  these  women  was  $137,  This 
is  a  little  less  than  one-third  the  average  labor  income  made  by  all 
farmers  in  these  four  townships. 

Variations  in  labor  incomes  of  women  farmers.  Thirteen  women 
made  labor  incomes  of  less  than  $1,  that  is,  they  failed  to  make  interest 
on  their  investment  (Table  no).  This  does  not  necessarily  mean  that 
women  are.  not  capable  of  farming  profitably.  Some  of  them  have 
other  means  of  support  and  simply  make  the  farms  their  homes. 

TABLE  no.  Variation  in  Labor  Incomes  Made  by  32  Women  Farmers. 


Labor  Incomes. 


Number  of 
women. 


-$ioo-  $0 

i-ioo 

101-200 

230 

351..,. 
516..:. 
592.  . . 
897.... 
920 


13 
4 
9 

I 
I 
I 
I 

I 
I 


Fifteen  women  made  labor  incomes  of  more  than  $100.  Four  women 
made  more  than  $500  and  one  made  a  labor  income  of  $920.  It  is  evident 
that  although  some  women  do  not  succeed  as  farmers,  there  ar^  others 
who  are  making  very  good  incomes.     • 

Women  landlords.  Of  the  46  rented  farms  owned  by  women,  com- 
plete records  were  obtained  for  thirty-seven.  The  average  per  cent 
made  by  these  women  landlords  was  7.8.  This  is  slightly  less  than  the 
average  per  cent  made  by  all  the  landlords  of  the  four  townships,  which 
was  8.3.  Fourteen  women  landlords  made  less  than  5  per  cent  on  their 
investments  and  eight  made  over  10  per  cent  (Table  in). 
18 
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TABLE  III.    Variation  in  Landlords*  Profits.  37  Rented  Farms  Owned  by 

Women. 


Per  cent  on  Investments. 


Number  of 

women 
landlords. 


Less  thano.i% 
o.i%-5% 
5-1    -10 
10. I    -20 
Over  20 


2 

12 

15 

5 

3 


It  is  interesting  to  know  what  the  farm  incomes  were  for  these  land- 
lords. They  varied  from  a  loss  of  $42  to  a  profit  of  $936.  In  ten  cases 
it  was  more  than  $500. 

Women  farmers  vs.  women  landlords.  The  women  who  personally 
managed  their  farms,  doing  more  or  less  work,  had  a  house  to  live  in, 
milk,  eggs,  butter,  meat,  vegetables,  wood,  etc.,  to  use  in  the  house  and 
$428  to  live  on. 

The  women  who  rented  their  farms  to  tenants  and  did  not  live  on  the 
farm  received  an  average  of  $310  above  their  farm  expenses  without 
having  farm  products  and  the  use  of  a  house. 
Most  successful  farms  operated  by  women. 

Farm  No.  jd.    A  hay  and  grain  farm,     (Year  ending  April  i,  1908.) 


409  acres.    340  tillable. 

Capital $16,075 

Farm    $14,000 

Machinery    ;         475 

5  horses    550 

3   cows    120 

60  hens   30 

Other  stock  100 

All    else    800 

Crops,  acres.    Yield  per  acre. 

6  com  for  grain   40       bu. 

27  wheat    25 

20  oats   33        " 

12  barley   32         " 

30  buckwheat   15         " 

%   potatoes   106 

125    hay    1.25  tons 

7  apples 

Soils,     Miami     stony     loam,     Dunkirk 
stony  clay. 


Receipts $2,644 

Wheat $400 

Oats     65 

Barley  . 300 

Buckwheat     175 

Hay M70 

Apples 40 

Butter 20 

Eggs  and  poultry  ..  58 

Hogs    45 

All  else  71 

Expenses 

Labor  and  board  ...  567 

Seeds   20 

Fertilizer    60 

Machinery    repairs..  30 
Building    and    fence 

repairs 38 

All  else  155 


870 


Farm   income   i»774 

Family   labor    50 

Interest  on  capital  at  5% 804 

Labor  income  920 
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Like  many  of  the  women  farmers,  this  one  found  it  easier  and  prob- 
ably more  economical,  as  well,  to  have  some  of  the  crops  grown  "on 
shares ;"  that  is,  a  neighbor  did  all  the  work  of  raising  and  harvesting  the 
crops,  furnished  half  the  seed  and  fertilizer  and  received  half  the  crops 
for  pay.    The  woman  was  thus  relieved  of  some  of  the  responsibilities. 

Three  cows,  about  sixty  hens,  and  four  hogs  supplied  the  family  with 
milk,  butter,  poultry,  eggs,  and  pork,  and  furnished  a  surplus  for  sale. 
There  were  five  horses  on  the  place  and  a  colt  was  being  raised. 

This  farm  was  the  largest  operated  by  a  woman  and  had  the  largest 
total  capital.     Its  success  was  primarily  due  to  its  size. 

Only  $60  worth  of  fertilizer  was  used  and  very  little  stock  was  kept 
on  this  farm.  For  about  six  years  crops  had  been  taken  off  and  but 
little  fertility  returned  to  the  farm.  Of  course,  the  farm  was  depreciating 
in  fertility  and  cannot  be  expected  to  pay  as  well  indefinitely. 

Farm  No.  37.    A  fruit  farm.     (Year  ending  April  i,  1908.) 

71  acres  owned.    64  tillable.  Receipts $1,788 

65  acres  rented  on  shares.                                 Hay    $150 

Capital $4,216                        Plums    900 

Farm    $3,000          Peaches    500 

Machinery    300          Wool    54 

3  horses   350          Lambs    91 

2  cows    80          Eggs    165 

30  sheep   270          Butter    10 

150  hens   go  Share      of      receipts 

Other  stock  60  from  65  acres 200 

All  else  66  All  else  18 

Crops,  acres.    Yield  per  acre.  Expenses 680 

3  corn  Labor  and  board    . .          375 

5   wheat    20       bu.  Feed    50 

5  oats   35         "             Fertilizer    33 

14  hay  1.4    tons          Machinery    repajrs..  42 

9  plums  Building    and    fence 

6  peaches                                                              repairs 140 

2  pears                                                                All  else   40 

Soil,  Dunkirk  stony  clay.  Farm  income   1,108 

Interest  on  capital  at  5%  211 

Labor  income   897 

With  three  horses,  $300  worth  of  machinery  and  $375  worth  of  hired 
help,  this  woman  ran  her  farm,  planted  and  harvested  all  the  crops  and 
cared  for  the  stock.  Not  any  of  her  land  was  worked  on  shares;  on 
the  other  hand,  the  farm  was  found  too  small  and  sixty-five  acres  of  a 
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neighboring  farm  was  added  to  it.    After  paying  a  share  of  the  crops 
as  rent  for  this  additional  land,  $200  worth  of  crops  were  sold. 

Farm  No.  38.    (Year  ending  April  i,  1908.) 

240  acres.    125  tillable. 
Capital $12,150 

Farm    $8,400 

Machinery    1,000 


Receipts $3,375 


7  horses   

10  cows    

35  sheep   

150  hens   

2  hogs  

Other  stock  

All   else    

Crops,  acres.    Yield  per  acre. 

12   com    29 

^8  wheat   24 

45  oats    27 

14  buckwheat 8 

iJ4   potatoes    100 

70  hay   1.5 

Soits,    Dunkirk     clay    loam, 
stony  clay. 


980 

350 

175 

45 

60 

415 
725 

bu. 


ton-s 


Wheat    $271 

Oats    192 

Buckwheat     68 

Hay    752 

Lumber   300 

Turkeys     41 

Eggs  and  poultry  ..  108 

Pork    173 

Lambs  and   wool    ..  189 

Milk    636 

Cattle    112 

Rent   200 

All  else  333 

Expenses 1,220 

Labor  and  board  in- 
cluding the  fore- 
man's net  share...  950 

Dunkirk  Seeds 62 

Fertilizers    58 

Machinery    repairs..  57 

Building     and    fence 

repairs 70 

All  else  23 

Farm  income    2,155 

Interest  on  capital  at  5%...r.  607 

Labor  income  for  3  women...        1.548 
Labor  income  for  i  woman...  516 

Three  women  in  partnership  managed  this  farm  more  successfully 
than  many  of  the  men  farmers  in  the  neighborhood.  The  labor  problem 
was  solved  by  taking  in  a  fourth  partner,  a  man,  who  acted  as  foreman. 
He  paid  one-fourth  of  the  seed  and  labor  expenses  and  received  board 
and  one-fourth  of  the  receipts  from  crops  and  lumber. 

The  farm  was  run  in  a  business-like  way.  Accounts  and  record- 
were  carefully  kept  for  the  entire  business.  These  women  were  really 
farming  and,  moreover,  were  farming  successfully. 

AGE  OF  FARMERS 
Average  age.   The  average  age  of  1,641  farmers  in  Tompkins  county 
is  51  years.    The  average  ages  in  the  different  townships  vary  within  five 
years  of  this  (Table  112). 
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TABLE  112.    Average  Age  of  1,641  Farmers. 
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Years. 


XJljrsses 

Enfield 

Newfield 

Groton 

Caroline 

Ithaca 

Dryden 

Danby 

Lansing 

The  county 


48 
47 
50 
53 
56 
51 
49 
51 
50 


51 


In  the  townships  of  Ithaca,  Dryden,  Danby  and  Lansing,  the  average 
age  of  701  owners  is  52  years ;  and  of  172  tenants  it  is  42  years.  Fifty- 
one  per  cent  of  the  owners  are  over  fifty  years  of  age  but  only  21  per 
cent  of  the  tenants  are  this  old.  The  reason  for  this  is  that  many  of 
the  tenants  ultimately  become  owners. 

Variation  in  ages.  In  four  townships  over  half  of  the  owners  are 
over  fifty  years  old.  All  but  22  per  cent  are  over  forty.  More  than 
four-fifths  of  the  tenants  are  over  thirty  years  old.  The  transitions 
from  hired  man  to  tenant  and  from  tenant  to  owner  are  evidently  not 
very  rapid  for  the  average  farmer.  This  again  raises  the  question  of  agri- 
cultural credit.  City  homes  can  usually  be  purchased  by  contract  on 
long  time,  but  it  is  not  easy  to  buy  good  farms  on  so  favorable  terms. 
It  is  to  be  hoped  that  the  College  of  Agriculture  will  make  a  study  of 
agricultural  credit  (Table  113). 

TABLE  113.    Variations  IN  Ages. 


Agb. 

Owners. 

Tenants. 

All  Farmers. 

Number. 

Per  cent. 

Number. 

Percent. 

Number. 

Per  cent. 

30  or  less 

31-40 

35 
120 
188 
163 
125 

70 

5% 
17 
27 

10 

33 
54 
50 
20 
12 
3 

19% 
31 
29 
12 

7 
2 

68 

174 
238 

183 

137 

73 

8% 
20 

41-50 

27 

51-60 

21 

61-70 

16 

Over  70 

8 

Age  related  to  profits.     The  younger  men  are  making  the  larger 
labor  incomes.     On  the  average,  the  owners  who  arggjj^|y:^eiQ^j5^^ 
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years  of  age  are  making  twice  as  large  labor  incomes  as  those  who  are 
over  fifty  years  old.  The  older  farmers  are  depending  more  on  their 
capital  and  less  on  their  labor.  In  many  cases  they  have  practically 
retired  but  still  remain  on  the  farm.  When  5  per  cent  of  the  capital  is 
deducted  from  the  farm  income  there  is  little  left  to  credit  to  their  labor 
(Table  114). 

TABLE  114.    Age  and  Profits.  776  Farmers. 


Age. 


Owners. 


Number 

of 
farmers. 


Labor 
income. 


Tenants. 


Number 

of 
farmers. 


Labor 
income. 


30  years  or  less 

31-40  years 

41-50  years 

51-60  years 

61-70  years 

Over  70  years. . 

50  years  or  less 
Over  50  years. . 


33 
105 
173 
148 
109 

65 


$613 
512 
518 
362 
219 
96 


27 
47 
42 
17 
8 
2 


311 
322 


$526 
260 


116 
27 


$433 
417 
439 
225 
339 
156 


J429 
254 


THE  EDUCATION  OF  FARMERS 

Classification.  The  highest  school  attended  was  recorded  for  1,303 
farmers  in  the  townships  of  Ithaca,  Dry  den,  Danby,  Lansing,  Ulysses, 
Enfield  and  Newfield.  These  records  were  grouped  under  three  heads: 
district  school,  high  school  and  more  than  high  school.  The  first  in- 
cludes those  farmers  who  had  no  more  than  district  school  education. 
The  high  school  group  includes  those  who  attended  high  schools,  normal 
or  business  schools  or  short-courses  in  agriculture.  The  last  group  in- 
cludes only  those  who  attended  a  college  or  university. 

Number  and  percentage  of  farmers  in  each  class.  Of  the  1,303 
farmers,  1,007  or  jy  per  cent  went  to  district  school  only,  280  or  22  per 
cent  were  in  the  high  school  group,  and  sixteen  or  a  fraction  over  i 
per  cent  went  to  a  college  or  university. 

Education  of  owners  and  tenants.  As  a  class,  the  owners  had  better 
education  than  the  tenants.  Only  17  per  cent  of  the  tenants  have  gone 
beyond  the  district  school,  while  30  per  cent  of  the  owners  have  done  so 
(Table  115). 
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TABLE  115.    Number  of  Farmers  in  Each  Education  Group,  696  Owners.  163 

Tenants. 


Education. 


Owners. 


Number. 


Per  cent 

of 

total. 


Tenants. 


Number. 


Per  cent 

of 

total. 


District  school 

High  school 

More  than  high  school. 


487 

195 

14 


70% 

28 

2 


135 

28 

o 


83% 
17 
o 


Education  in  the  townships  of  Ithaca,  Dryden,  Danby  and  Lansing. 

The  farmers  of  Ithaca  have  taken  advantage  of  their  better  schools  and 
of  the  University  as  shown  by  Table  116.  Thirty-eight  per  cent  of  them 
had  more  than  a  district  school  education  and  5  per  cent  went  to  college. 
The  percentages  of  high  school  men  are  lowest  in  Danby  and  Lansing 
townships,  from  which  high  schools  are  hardest  to  reach. 

TABLE  116.    Education  in  Different  Townships. 


Education. 


Ithaca, 

Dryden, 

Danby, 

per 

per 

per 

cent 

cent 

cent 

of  total. 

of  total. 

of  total. 

62% 

69% 

77% 

33 

31 

22 

5 

* 

I 

Lansing, 
per 
cent 

of  total. 


District  school 

High  school 

More  than  high  school 


77% 
21 

2 


*  Less  than  i  per  cent. 

Profits  and  education.  Of  the  owners,  those  who  went  only  to  dis- 
trict school  made  an  average  labor  income  of  $318  (Table  117).  The 
average  labor  income  of  high  school  men  was  $622.  Of  the  more  than 
high  school  men  it  was  $847.  The  differences  are  emphatic.  The  labor 
income  of  the  high  school  farmers  is  $304  greater  than  that  of  the 
district  school  men.  This  would  be  5  per  cent  interest  on  $6,080.  In 
other  words,  the  high  school  education  of  a  farmer  is  equivalent,  on 
the  average,  to  $6,000  worth  of  5  per  cent  bonds. 
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TABLE  117.    Profits  and  Education.    573  Owners,  137  Tenants. 


Bducatioh, 


Farms  Operated  by 
Owners. 

Farms  Operatkp  by 
Tenants. 

Number 

of 
farmers. 

Owner's 

labor     , 
income. 

Number 

of 
farmers. 

Tenant's 

labor 
income. 

398 

165 

10 

$318 
622 

847 

"3 
0 

«4«^ 
473 

District  school 

High  school 

More  than  high  school 


The  average  labor  income  of  the  tenants  who  had  only  district  school 
education  was  $407.  The  high  school  tenapts  made  an  average  labor 
income  of  $473. 

Variations  in  labor  incomes  in  each  education  group.  Higher  edu- 
cation does  not  insure  greater  profits  in  every  case.  Forty-three  per 
cent  of  the  high  school  owners  and  64  per  cent  of  the  district  school 
owners  made  labor  incomes  of  $400  or  less.  Only  5  per  cent  of  the 
district  school  men  made  over  $1,000,  but  20  per  cent  of  the  high  school 
men  made  this  much.  Apparently  the  possibilities  of  success  in  farm- 
ing increase  with  the  extent  of  education  just  as  they  do  in  any  other 
profession  (Table  118). 

TABLE  118.    Variations  in  Labor  Incomes  in  Each  Education  Group.  ' 

573  Owners. 


District  School. 

High  School. 

More  than  High 

SCHOCX.. 

Labor 
Incomes. 

Number 

of 
farmers. 

Per  cent 
of  total. 

Number 

of 
farmers. 

Per  cent 
of  total. 

Number 

of 
farmers. 

Per  cent 

of  total. 

$400  or  less 

401-1,000 

Over    1,000... 

251 

126 

21 

64% 
31 
5 

71 
62 

32 

43% 

37 

20 

4 
3 
3 

40*1: 

30 

30 

Education  related  to  profits  with  capital  equal.  The  objection  might 
be  raised  that  these  farmers  with  higher  education  made  more  money 
not  because  of  their  education,  but  because  they  possibly  had  a  better 
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start  in  business,  that  many  of  them  probably  inherited  farms  and 
other  property.  This  is  probably  not  true,  but  a  comparison  has  been 
made  which  would  overcome  such  an  objection. 

Farmers  of  the  different  education  groups  with  the  same  capital  are 
compared.  Two  groups  are  used,  district  school  and  more  than  dis- 
trict school.  In  every  capital  division  the  farmers  with  more  than 
district  school  education  made  a  greater  average  labor  income  than 
those  with  only  district  school  education  (Table  119).  The  farmers 
with  the  better  education  use  their  capital  more  effectively.  That  is, 
if  given  an  equal  start  at  the  beginning  of  a  year  the  farmers  with  more 
than  a  district  school  education  are  ahead  at  the  end  of  the  year.  On 
the  average  the  high  school  farmers  have  made  $211  more  than  the 
district  school  farmers  with  the  same  capital. 

TABLE  119.    Education  Related  to  Profits  with  Equal  Capital.  573  Owners. 


Capital. 


District  School. 


Number 
of  farmers. 


Labor 
income. 


More  than  District 
School. 


Number 
of  farmers. 


Labor 
incx)me. 


$2,000  or  less. 

2,001-  4,000. 

4,001-  6,000. 

6,001-  8,000. 

8,001-10,000. 
10,001-15,000. 
Over  15,000.  . 


31 
146 
122 

50 

28 

18 

3 


$187 
241 

398 
395 
618 

525 
1.054 


Average. 


$488 


3 
36 
49 
40 

13 

25 

9 


$286 

275 
466 
709 
796 
1,091 
1,272 


$699 


It  should  be  noted  that  only  three  or  four  of  these  farmers  received 
any  agricultural  instruction  whatever  in  the  schools  or  colleges.  We 
must  conclude  then  that  these  striking  differences  in  profits  are  due, 
not  to  the  teaching  of  the  applied  subjects,  but  rather  to  the  extra 
mental  training.  If  the  same  training  had  been  received  in  the  study 
of  the  subjects  pertinent  to  the  industry,  how  much  greater  would  the 
differences  have  been? 

Education  and  age.  It  is  generally  assumed  that  a  greater  propor- 
tion of  the  younger  men  received  higher  education  than  of  the  older 
men.  Table  120  compares  the  farmers  of  different  ages  with  respect 
to  education.  Of  those  in  the  first  age  group,  thirty-five  years  or  less, 
29  per  cent  received  higher  education,  while  of  those  from  fifty-one 
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to  sixty-five  years  of  age,  31  per  cent  received  higher  education.  Of 
the  farmers  over  sixty-five  years  of  age,  18  per  cent  had  more  than 
district  school  education.  The  dividing  line  in  amount  of  education 
seems  to  be  at  about  the  age  of  sixty-five  years.  High  schools 
or  academies  have  been  accessible  for  the  last  fifty  years  and  in  that 
time  the  proportion  of  higher  educated  farmers  in  these  towns  has  not 
increased. 

TABLE  120.    Education  and  Age,  808  PARifBRS. 


Age. 


District  School. 


.Number 

of 
farmers. 


Per  cent 
of  total. 


More  than  District 
School. 


Number 

of 
farmers. 


Per  cent 
of  total 


35  years  or  less 

36-50  years 

51-65  years.... 
Over  65  years. . 


98 
219 
164 
103 


71% 
71 
69 
82 


40 
89 
72 
23 


29^ 
29 
31 
18 


The  fact  that  a  larger  proportion  of  the  farmers  from  fifty-one  to  sixn- 
five  years  of  age  have  had  high  school  education  than  of  the  younger 
men  deserves  careful  consideration  by  all  persons  who  are  interested  in 
rural  progress.  It  is  probable  that  the  number  of  farm  boys  who  go 
to  high  school  has  increased,  but  if  this  is  the  case  they  have  not  retumeti 
to  the  farms  in  this  county. 

The  much  larger  profits  made  by  those  who  have  attended  high  schoc'! 
indicate  that  a  strong  effort  should  be  made  to  get  more  of  the  youni: 
men  who  expect  to  farm  to  go  to  high  schools  and  colleges.  Man;, 
farmers  have  suggested  the  teaching  of  agriculture  in  the  high  school? 
as  a  means  of  attracting  the  boys  who  intend  to  farm. 


SIZE  OF  FAMILIES  ON  FARMS 

Average  size  of  families.    In  the  four  townships,  the  average  size  of 

the  families  living  on  farms,  exclusive  of  hired  help,  is  3.55  individual 
(Table  121).  The  average  is  highest  in  Ithaca  township  and  lowest  in 
Danby  township.  The  average  is  not  an  index  to  the  number  of  chil- 
dren raised  on  the  farms.  Many  have  left  the  farms  and  of  them  we 
have  no  records.  The  average  does  show,  however,  that  crowded  con- 
ditions do  not  exist  in  the  country  homes. 
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Variation  in  size  of  families.  The  largest  family  recorded  was  one 
of  fifteen  individuals.  Families  of  only  one  person  were  not  uncommon. 
Table  122  shows  that  30  per  cent  of  the  families  had  one  or  two  in- 
dividuals and  only  22  per  cent  had  more  than  four.  Families  of  two, 
three  and  four  were  most  common. 

Number  over  16  years  of  age,  and  16  years  or  less.  The  average 
number  over  sixteen  years  of  age,  exclusive  of  hired  help,  is  2.75.  The 
average  number  sixteen  years  of  age  or  less  is  .80  (Table  121).  In 
Ithaca  township  the  number  of  children,  sixteen  years  old  or  less,  is 
greatest,  .88,  and  in  Danby  township  it  is  least,  .68.  In  respect  to 
number  of  children  per  farm,  the  four  townships  rank  in  the  same 
order  as  in  respect  to  labor  income:  Ithaca  first,  followed  by  Dryden, 
Lansing  and  Danby. 

TABLE  121.    Number  in  Families  Living  on  Farms. 


Town. 

—r-. ;.-»■ 

Average  Number  Living  on  Farms', 
Exclusive  of  Hired  Help. 

Over  16 
years. 

16  years  or 
under. 

Total.  • 

Ithaca 

2.99 
2.66 
2.73 
2.78 

.88 

.85 
.68 
.78 

387 

Dryden 

3  51 

Danby 

341 

Lansing 

356 

Four  towns 

2.75 

.80 

3-55 

TABLE  122.    Variation  in  Size  of  Families. 

Number  in  Family. 

Number 

of 
families. 

Per  cent  of 

total  number 

of  families. 

I.          

35 
246 

257 

198 

100 

56 

55 

4% 

2 

26 

1.                      

27 

A 

21 

s 

10 

i::::::::: :.; 

6 

Over  6 : 

6 
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Size  of  family  and  profits.  The  income  from  unpaid  labor  might 
be  called  the  family  labor  income  since  it  represents  what  the  farmer 
made  with  the  unpaid  help  of  members  of  his  family.  Table  123  shows 
that  the  income  from  unpaid  labor  increases  with  the  size  of  the  family. 
The  personal  expenses  will  also  increase,  but  we  have  no  record  of 
these. 

TABLE  123.   Size  of  Family  Related  to  Profits,  612  Farms  Operated  by  Owners. 


Number  in  Family. 

Income  from 
unpaid  labor. 

Value  of  un- 
paid labor  (ex-, 
cept  farmer's) . 

I^bor  income. 

I 

$291 
380 
460 

i 

676 

$0 
12 

48 
123 
112 
186 

S201 

2 

36« 

% 

A 

447 

406 
490 

s 

6 

Over  6 

The  labor  income  also  increases  with  the  size  of  the  family.  We 
have  seen  from  the  discussion  of  labor  (Table  58)  that  the  average 
farmer  makes  a  profit  from  the  labor  that  he  directs.  Similarly  he 
is  able  to  direct  the  labor  of  members  of  the  family  so  as  to  make  more 
than  its  estimated  value,  or  the  amount  that  it  would  cost  to  hire  it. 
.Possibly  large  families  are  an  inspiration  to  better  farming.  It  is  also 
possible  that  members  of  the  family  are  more  likely  to  leave  home 
if  the  farm  is  not  paying,  thus  resulting  in  smaller  families  on  farms 
with  low  profits. 

ABANDONED  FARMS 

The  southern  half  of  Tompkins  county  is  in  the  region  of  so-called 
abandoned  farms.  There  are  no  abandoned  farms  in  the  sense  of 
abandonment  of  title.  There  are  very  few  farms  that  are  not  partly 
worked. 

In  this  region  many  fields  were  unwisely  cleared  that  should  have 
been  kept  in  permanent  forests.  Some  fields  that  are  not  adapted  to 
machine  farming  are  left  to  grow  up  to  weeds  and  later  to  trees.  Many 
other  fields  are  being  farmed  that  should  be  abandoned.  When  such 
fields  are  too  steep,  or  too  stony,  or  when  the  soil  is  too  shallow  for 
profitable  farming,  the  sooner  they  are  abandoned  the  better.     Merely 
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because  a  field  is  cleared  is  no  reason  why  it  should  be  farmed.  But 
when  farming  ceases  forest  trees  should  be  planted.  Such  land  will 
pay  a  good  rate  of  interest  in  forest  trees,  but  farmers  have  so  re- 
cently been  striving  to  kill  trees  that  tree  planting  has  not  yet  occurred 
to  many.  Trees  are  also  a  long-time  investment  for  a  farmer  with 
small  means. 

Sometimes  fairly  good  fields  are  allowed  to  grow  up  to  weeds  for 
a  few  years,  after  which  a  crop  is  again  grown.  In  some  cases  this 
is  the  cheapest  way  to  enrich  the  land.  If  land  worth  $10  per  acre 
lies  idle  four  years  the  total  loss  is  only  the  interest,  or  about  $2.50  per 
acre.  The  weeds  that  grow  in  four  years  are  often  worth  several  times 
this  much  as  a  fertilizer.  Weeds  are  often  the  cheapest  fertilizer  on 
poor  land. 

Most  of  the  talk  about  abandoned  farms  is  caused  by  the  empty 
houses  that  are  seen  by  tourists.  But  ah  empty  house  does  not  mean 
an  abandoned  farm.  These  houses  were  built  in- the  days  of  the  scythe 
and  grain  cradle.  With  machinery,  fewer  men  and  consequently  fewer 
houses  are  needed.  The  farms  are  yet  too  small  for  greatest  efficiency. 
The  fact  that  houses  are  on  the  places  tends -to  keep  top  many^  persons 
on  the  farms. 

In  Caroline  township,  an  area  of  over  fifty  square  miles,  there  were 
forty-five  vacant  farm  houses.  There  were  also  some  vacant  tenant 
houses  on  farms  that  had  two  houses.  Many  of  these  houses  are  not 
fit  for  use;  they  remain  merely  because  to  leave  them  is  cheaper  than 
to  tear  them  down.  Some  good  houses  are  vacant,  and  about  an  equal 
number  are  being  occupied  that  should  be  abandoned.  This  does 
not  mean  that  there  are  forty-five  abandoned  farms  in  Caroline  Town- 
ship. Nearly  all  the  land  is  rented  by  neighboring  farmers  for  hay 
or  pasture. 

With  the  introduction  of  machinery  the  same  movement  for  larger 
areas  per  farmer  has  been  general  in  most  of  the  United  States.  The 
writer  is  personally  acquainted  with  a  neighborhood  in  eastern  Ne- 
braska where  the  land  is  rich  and  high  priced.  On  one  road  six 
miles  long  there  used  to  be  twenty  houses,  now  there  are  fifteen.  But 
there  are  no  abandoned  houses.  Lumber  is  so  valuable  that  all  the 
houses  have  been  removed.  In  New  York  the  houses  would  have 
been  left. 
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FARM  BUILDINGS 

The  farm  buildings  were  nearly  all  put  up  at  least  fifty  years  ago  in 
the  days  when  farming  was  done  by  hand.  The  excess  of  houses  has 
resulted  in  their  having  little  value.  A  farm  with  good  buildings  often 
sells  for  less  than  the  buildings  are  worth  if  they  are  wanted.  The 
low  value  of  buildings  has  resulted  in  serious  neglect  of  repairs.  The 
excess  buildings  are  being  eliminated  by  fires  and  decay  so  that  the 
time  has  now  come  when  there  are  not  too  many  good  buildings.    Be- 


FiG.  196. — A  house  that  could  not  be  made  fit  for  use.  It  is  left  standing 
because  it  is  not  worth  tearing  down.  Notice  that  hay  has  been  cut  in 
the  dooryard.    The  land  is  not  abandoned. 

fore  long  new  ones  will  be  needed.  When  that  time  cbmes  the  present 
buildings  will  have  greater  value.  So  if  one  has  good  buildings  it  will 
pay  to  keep  the  roofs  and  foundations  in  good  repair.  There  are  many 
old  buildings  that  are  not  worth  repairs. 

Each  farmer  was  asked  to  estimate  the  value  of  the  buildings  on 
his  farm.  The  question  was  not  easily  answered  because  in  many 
cases  the  buildings  could  not  be  replaced  for  what  the  farm  would 
sell  for.  Of  the  615  farmers  operating  their  own  farms,  506  estimated 
the  value  of  the  buildings.  In  12  per  cent  of  the  cases  the  buildings 
were  valued  at  as  much  as,  or  more  than,  the  entire  farm.  The  total 
real  estate  (buildings  and  land)  averaged  $4,124  or  $40  per  acre.  The 
value  of  the  buildings  averaged  $2,584,  Of  the  total  real  estate  the 
buildings  represent  63  per  cent  of  the  value  and  the  land  37  per  cent 
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The  investment  in  buildings  per  acre  is  $25.     This  leaves  $15  as  the 
value  of  land  per  acre. 


Fig.  197. — A  house  that  is  occupied  but  should  be  abandoned. 

If  the  value  of  the  land  alone  had  been  asked  instead  of  the  value 
of  the  buildings,  the  land  would  undoubtedly  have  been  estimated  at 


Fia  198. — A  good  farmhouse  that  is  vacant.    The  land  is  all  worked. 
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a  higher  value  and  the  remaining  value  for  buildings  would  have  been 
proportionately  lower.  In  other  words,  land  and  buildings  in  this 
county  can  be  bought  together  for  much  less  than  they  are  worth 
separately. 

ROADS 

The  great  problem  of  roads  in  this  county  as  in  most  parts  of  southern 
New  York  is  not  one  of  bad  roads  to  be  overcome  by  macadam,  but 
a  problem  of  grades.  The  roads  often  go  straight  up  the  hills  rather 
than  climb  them  by  easy  grades. 

The  original  roads  were  rarely  laid  out  with  any  regard  to  grades. 
They  were  laid  out  before  the  days  of  railroads.  They  may  have  had 
some  relationship  to  the  location  of  early  villages  but  usually  have  no 
relationship  to  the  location  of  present  railroad  stations.  In  some 
cases,  as  in  Enfield  Township,  the  roads  are  laid  out  in  squares.  In  this 
case  it  results  in  having  nearly  all  the  roads  go  straight  up  the  hill  from 
the  railroad  for  400  to  800  feet. 

One  of  th^  greatest  needs  of  the  farmers  is  to  have  new  roads  laid 
out  that  will  reach  the  hills  with  reasonable  grades.  Often  all  that 
is  necessary  is  to  go  around  a  single  steep  place.  Sometimes  an  entirely 
new  road  is  necessary. 


Fig.  199.—-^  well-drained  dirt  road.    The  kind  of  road  that  is  needed  to 
connect  farms  with  towns. 

The  farm  landlonihe  hill  tops  is  often  fairly  level.  The  dirt,  roads 
are  good  when  given -reasoiiabk  care. 

The  buildlgg;  of X  a  few.  sttcte.  roads  usually  connecting  towns  in. the 
valleys  is  of  very  small  importance  in  comparison  with  the  laying  out 
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of  several  main  roads  from  each  town  that  will  reach  the  hills  with 
reasonable  grades.  Relatively  few  farms  can  ever  be  on  state  roads, 
because  such  roads  are  so  expensive  —  they  often  cost  more  than  the 
adjoining  farms  are  worth.  The  automobile  road  connecting  cities  in 
the  valleys  does  not  help  the  man  on  the  hill.  We  need  to  have  a 
road  system  laid  out  in  each  county  that  will  connect  the  farms  with 
the  towns,  rather  than  connect  cities  with  cities.  The  latter  are,  of 
course,  needed,  but  their  chief  use  is  by  city  persons  and  not  by 
farmers.  They  can  never  solve  the  farm  problem  because  they  serve 
so  small  a  percentage  of  the  farmers. 

The  problem  is  too  large  for  counties  because  many  of  the  roads 
would  cross  county  lines.  The  State  may  well  be  appealed  to  to  plan 
such  road  systems  and  to  help  in  their  construction.  Such  roads  would 
be  good  dirt  roads  with  easy  grades.  In  many  cases  there  are  too 
many  roads,  so  that  money  is  wasted  in  half  keeping  them  up.  Such 
a  survey  should  freely  abandon  old  roads  as  well  as  make  new  ones. 


Fig.  200. — A  useless  road.    There  are  many  such 
roads  thai  should  be  closed. 

Complete  surveys  and  plans  should  be  made  at  one  time  so  that  all 
road  improvements  may  be  made  with  reference  to  the  final  plan. 

When  new  grades  can  often  be  established  at  so  small  a  cost  it  is 
poor  economy  for  generation  after  generation  to  continue  going  straight 
up  the  hills  rather  than  around  them. 


RURAL  FREE  DELIVERY  OF  MAIL 
Out  of  983  farms  in  the  four  townships,  884,  or  90  per  cent,  received 
mail  by  rural  free  delivery.  Nearly  all  the  area  is  covered  by  mail 
routes.  For  a  few  farmers  on  the  back  roads  the  mail  is  left  within 
one-half  to  one  mile  of  the  house.  Some  farmers  living  near  post 
offices  do  not  avail  themselves  of  the  delivery,  preferring  to  go  to  the 
office  for  their  mail. 
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TELEPHONE 

Telephones  were  used  by  460,  or  47  per  cent,  of  the  farmers  in 
these  four  towns.    The  number  of  telephones  is  rapidly  increasing. 

THE   FARM   AS   A   HOME   FOR   PERSONS   OTHERWISE 

EMPLOYED 

There  are  many  small  places  that  are  not  real  farms.  These  are 
not  recorded  in  the  survey.  In  Tompkins  county  about  500  such  places 
were  included  in  the  United  States  census  for  1900  that  were  not  in- 
cluded in  this  survey.  Nearly  all  of  these  were  under  thirty  acres. 
Very  few  of  them  are  real  farms.  In  some  cases  the  owners  have 
retired  from  active  work.  The  majority  are  owned  by  persons  whose 
chief  occupation  is  not  farming. 

Among  the  larger  farms  are  also  a  considerable  number  that  furnish 
homes  for  persons  in  some  other  occupation.  Of  983  farms  recorded 
in  the  townships  of  Ithaca,  Dryden,  Danby,  and  Lansing,  forty-two 
were  thus  occupied.  None  of  these  were  used  in  the  regular  tabula- 
tions, because  the  labor  income  was  not  primarily  derived  from  the 
farm.  On  many  other  farms  some  income  was  derived  from  outside 
sources,  but  the  farm  furnished  the  chief  income. 

Among  the  occupations  represented  on  the  forty-two  farms  were: 
laborers,  politicians,  carpenters,  mechanics,  engineers,  store  keepers, 
mail  carriers,  road  commissioners,  teachers  and  professors,  salesmen, 
stock  dealers,  butchers,  millers,  lawyers,  glass  blowers,  creamerymen,  etc. 

The  average  size  of  the  farms  was  eighty  acres.  The  average  capital 
invested  was  $3,804.  Some  of  the  owners  worked  on  their  farms  nights 
and  mornings.  Most  of  them  worked  during  their  vacations  and  other 
spare  time.  This  time  averaged  about  one-fourth  of  the  year.  On 
the  average  the  farm  receipts  were  $296  above  the  farm  expenses. 
The  average  pay  for  their  regular  work  was  $614. 

With  the  same  investment  they  could  have  lived  in  about  equally 
good  houses  in  town,  but  would  not  have  had  farm  products  for  home 
use  and  would  probably  not  have  earned  much  of  the  $296.  By  living 
on  farms  they  have  gained  half  of  their  food  and  about  $300  per  year 
besides.  They  have  increased  their  incomes  by  about  50  per  cent 
besides  having  the  use  of  a  house  and  farm  products. 

As  as  example,  one  man  worked  most  of  the  year  as  a  farm  hand 
for  which  he  received  $375.  He  owned  a  farm  of  twenty  acres,  with  a 
total  capital  of  $1,326.  He  kept  two  old  horses  worth  $110,  raised 
two  and  one-half  acres  of  potatoes   from   which  he  sold  $200  worth. 
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kept  one  pure-bred  Holstein  cow  from  which  he  raised  a  heifer  calf 
worth  $50,  and  sold  $93  worth  of  milk.  He  also  kept  about 
sixty  hens  from  which  he  sold  $109  worth  of  eggs.  Other  sales  were 
hay  $89,  hogs  $85,  poultry  $6.  His  farm  receipts  exceeded  the  expenses 
by  $202. 


Fig.  201. — One  of  the  best  farm  gardens  in  Ihe  county,    tew  farmers  have 

good  gardens. 

The  farm  evidently  offers  an  excellent  opportunity  for  persons  who 
are  otherwise  employed  but  who  can  arrange  to  live  on  a  farm.  The 
living  expenses  are  much  reduced  and  the  farm  may  frequently  be  a 
source  of  revenue  besides. 


SUxMMARY  OF  RECOMMENDATIONS 

The  following  recommendations  are  based  on  the  figures  from  four 
townships  in  one  county,  but  it  is  believed  that  many  of  the  conclusions 
have  a  very  wide  application.  So  far  as  the  Livingston  county  figures 
have  been  studied,  they  lead  to  the  same  conclusions. 

Definition  of  a  successful  farm.  A  farm  home  or  country  estate  may 
be  a  success  when  it  gives  pleasure  to  the  owner.  But  a  farm  cannot 
be  said  to  be  a  business  success  unless  it  pays  all  farm  expenses,  pays 
interest  on  the  capital  invested,  and  pays  well  for  the  farm  work  done 
by  the  farmer  and  his  family.  A  good  hired  man  gets  about  $360  a 
year  with  house,  garden,  etc.  If  a  farmer  does  not  get  a  labor  income 
of  over  $360,  he  is  not  making  a  business  success.  A  labor  income 
of  $500  to  $1000  is  fairly  good.     Over  $1000  is  good. 
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The  figures  in  this  bulletin  show  that  the  farmers  that  arc  success- 
ful according  to  the  above  definition  are  also  contributing  most  to  the 
national  wealth  and  are  nearly  always  the  ones  that  are  best  conserving 
the  fertility  of  the  land. 

The  most  important  needs.  From  the  figures  here  given,  it  is  evi- 
dent that  the  three  most  important  points  for  the  improvement  of 
agriculture  in  Tompkins  county  are  larger  farms,  better  cows  and  a 
system  of  farming  that  combines  stock  with  cash  crops. 

Modern  agricultural  machinery  has  made  it  necessary  that  the  farms 
be  larger  if  men,  horses  and  machinery  are  to  be  used  eflFectively.  The 
farms  were  laid  out  in  the  days  when  farm  work  was  done  with  hand 
tools.  Conditions  now  call  for  much  larger  units.  Farms  of  150  to 
300  acres  are  now  much  more  efficient  than  smaller  ones.  The  farmers 
on  the  small  farms  find  it  difficult  to  make  reasonable  wages.  Pages 
414  to  421,  524,  527  and  530  to  535. 

Cows  are  the  most  profitable  kind  of  live-stock  in  the  county,  but 
the  average  cow  does  not  pay.  A  very  large  proportion  of  the  cows 
are  being  kept  at  a  loss.  The  most  profitable  farms  are  keeping  cows 
that  give  50  per  cent  more  than  the  average  cow.  The  low  production 
is  due  partly  to  poor  cows  and  partly  to  poor  feeding.  Many  farmers 
are  afraid  to  buy  enough  grain  feed.  Both  breeding  and  feeding  need 
much  attention.    Pages  479  to  480,  484  to  486  and  524. 

Practically  all  the  profitable  farms  raise  crops  for  sale.  Very  few 
farmers  are  doing  well  who  do  not  derive  at  least  one-fourth  of  their 
income  from  crops.  There  are  also  some  farmers  who  would  make 
larger  profits  if  they  kept  more  stock.  A  combination  of  two  to  four 
leading  products  with  several  minor  enterprises  pay  best.  Pages  504  to 
509  and  524. 

No  dairyman  who  sells  nothing  but  wholesale  market  milk  is  mak- 
ing a  very  large  profit.  Few  such  men  are  making  wages.  With  tne 
exception  of  one  retail  milk  farm,  all  the  most  profitable  dairy  farms  sell 
crops.  One  of  the  greatest  problems  of  the  dairyman  is  to  find  profit- 
able employment  for  men  between  milkings.  The  same  labor  that  is 
required  to  milk  the  cows  can  be  used  to  raise  cash  crops.  Potatoes 
and  timothy  hay,  or  apples  and  hay,  combine  well  with  dairying.  Wheat, 
cabbages,  grapes,  truck,  small  fruit,  etc.,  are  also  profitable  cash  crops. 
Pages  506  to  509  and  524. 

It  pays  much  better  to  raise  some  of  the  above  cash  crops  and  buy 
grain  feed  than  to  try  to  raise  all  the  grain  feed.  It  pays  to  raise  corn- 
silage  for  cows,  oats  for  horses,  and  wheat  for  chickens.  But  hay, 
potatoes,  cabbages  and  apples  usually  pay  so  much  better  than  raising 
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grain  for  cow  feed  that  it  is  better  to  sell  them  and  buy  mill  products  for 
cows.     Page  526, 

Other  conclusions  on  types  of  farming  and  farm  practice.  The 
most  profitable  farms  are  much  larger  than  the  average,  have  better 
cows,  buy  much  more  feed  per  cow,  and  sell  more  cash  crops.  They  do 
not  have  more  cows  per  100  acres  of  land.    Pages  524  to  527. 

Quality  of  business  is  important  but  not  so  important  as  size.  The 
most  profitable  farms  get  one-fourth  to  one-half  better  production  from 
crops  and  stock.  But  the  farmers  with  average  production  and  large 
farms  are  doing  better  than  those  with  high  production  and  small 
farms.    Pages  524  to  526  and  530  to  532. 

More  capital  is  necessary  for  successful  farming  than  formerly. 
Some  farmers  might  well  borrow  money  to  buy  more  land.  This  can 
usually  be  farmed  with,  a  very  small  increase  in  machinery  and  horses. 
Pages  400  to  404,  425  to  427  and  524. 

If  one  is  ready  to  buy  more  land  and  it  cannot  be  secured  of  a  neigh- 
bor, it  will  sometimes  pay  to  sell,  and  move  where  a  larger  farm  may 
be  secured. 

The  area  may  be  increased  by  renting  additional  land  if  one  is  not 
ready  to  buy.    Pages  404  and  426. 

The  proportion  of  the  money  invested  in  land,  equipment,  and  stock 
is  nearly  the  same  on  the  profitable  farms  as  it  is  on  the  junprofitable 
ones.     Pages  405  to  406,  421  to  424  and  526. 

The  field  arrangement  on  farms  needs  attention.  The  fields  need 
to  be  rearranged  and  useless  fences  should  be  removed  to  facilitate 
machine  labor. 

On  the  average,  it  pays  well  to  hire  help.  But  farmers  with  small 
farms  or  with  a  single  enterprise,  as  the  production  of  wholesale  milk 
ak>ne,  find  it  difficult  to  keep  labor  profitably  employed.  Pages  441  to 
443,  508  and  509. 

At  the  present  time,  market  milk  pays  better  than  creamery  milk. 
Butter  making  on  the  farm  does  not  seem  to  pay.    Pages  482  to  484. 

One  obstacle  to  success  with  milk  is  the  time  spent  in  hauling.  By 
hiring  the  milk  hauled  or  by  taking  turns  in  hauling,  this  cost  may  be 
reduced  so  that  persons  much  farther  from  the  railroads  or  creameries 
can  sell  milk.    Pages  438  to  439,  482,  522  and  538. 

A  few  men  are  making  money  on  sheep.  It  appears  that  the  margin 
of  profit  on  sheep  is  much  less  than  on  cows.  On  the  farms  where 
sheep  pay,  the  receipts  per  sheep  are  nearly  double  the  receipts  from 
average  sheep.    Pages  495  to  497>  5^7.  S^Q,  533  and  535. 

A  considerable  number  of  colts  are  raised.     Their  quality  is  being 
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improved  but  not  so  fast  as  might  be.  By  raising  colts,  the  cost  of  team 
labor,  may  be  reduced.    Pages  491  to  493. 

Hens  are  an  important  minor  source  of  income  on  the  majority  of 
farms.    Page  499. 

Hogs  are  not  much  raised  except  for  home  use.  Some  persons  make 
a  profit  on  raising  pigs  for  sale.  The  only  farmers  who  raise  many 
hogs  are  those  who  collect  garbage.    Pages  501  to  502,  519  and  534. 

The  most  successful  crop  rotations  on  good  land  seem  to  be: 

First  year,  corn,  potatoes  and  cabbage  on  sod. 

Second  year,  oats. 

Third  year,  winter  wheat  seeded  with  clover  and  timothy. 

Fourth,  fifth  and  sixth  years,  hay.    Pages  450  to  453. 

An  equally  successful  system  on  many  farms  omits  the  wheat  and 
seeds  clover  and  timothy  in  oats. 

On  the  poorer  soils  of  the  hills,  the  usual  rotation  is : 

First  year,  buckwheat,  potatoes  and  corn  on  sod. 

Second  year,  oats  seeded  with  timothy  (and  clover  if  clover  grows). 

Followed  by  hay  as  long  as  it  pays  to  cut. 

■Except  for  the  limitations  as  to  kinds  of  crops,  the  same  types  of 
farming  that  are  best  on  the  better  soils  are  the  most  profitable  for  the 
poorer  soils.    Pages  432  to  433  and  538  to  539. 

The  woods  are  now  coming  to  be  a  profitable  farm  crop.  The  time 
has  arrived  when  it  will  pay  to  give  attention  to  the  woodlot.  Pages 
467  to  473- 

The  most  profitable  small  farms.  The  largest  profits  ^cannot  be  made 
on  a  small  business,  yet  there  were  some  farmers  on  small  farms  who 
were  doing  fairly  well. 

The  size  of  the  business  should  be  increased,  if  possible,  by  buying 
land  or  renting  additional  land.  Some  men  hire  out  part  of  the  time. 
Pages  404,  425  to  427,  530  to  532  and  533  to  535. 

The  most  profitable  types  of  farming  for  such  farms  are : 

1.  General  farming,  with  potatoes,  eggs  and  retail  or  market  milk. 
Sheep  may  replace  the  cows  if  the  farmer  is  able  to  get  very  hi|^  re- 
ceipts per  sheep. 

2.  Fruit-growing  or  truck-growing  or  both. 

Farming  with  small  capital.  If  a  farm  boy  has  no  capital  but  wishes 
to  be  a  farmer,  the  first  thing  to  do  is  to  get  an  education.  The  chance> 
are  that  by  this  means  he  will  actually  own  a  farm  sooner  than  if  he 
at  once  sets  out  to  get  one.    Pages  551  to  553. 

The  next  step  is  to  accept  a  position  in  which  money  can  be  saved, 
on  a  farm  or  elsewhere.    Usually  about  $1,500  must  be  saved  or  borrowed 
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before  it  will  pay  to  become  a  tenant  If  one  has  a  good  position  in 
which  he  can  save  money,  it  is  often  better  to  buy  a  farm  and  continue  in 
the  position  until  the  farm  is  largely  paid  for  rather  than  to  become  a  ten- 
ant In  the  meantime,  he  may  have  the  farm  worked  by  a  tenant,  and 
use  the  rent  in  helping  to  pay  for  the  farm. 

If  one  has  a  good  farm,  it  often  pays  to  remain  a  tenant  longer  than 
is  customary.  Apparently,  one  should  have  at  least  $2,500  and  be  able 
to  secure  as  much  more  on  credit  before  he  changes  from  tenant  to 
owner.  It  is  better  to  be  a  tenant  on  good  land  than  an  owner  on  poor 
land.  When  farm  land  is  likely  to  rise  in  price,  the  change  from  ten- 
ant to  owner  may  be  made  sooner  than  is  otherwise  desirable.  Pages 
536  to  537. 

One  of  the  most  important  points  for  the  farm  owner  who  has  a 
small  capital  is  to  rent  additional  land.     Page  404. 

Potatoes,  hay  and  eggs  were  the  chief  sources  of  income  on  the  most 
profitable  farms  with  small  capital.  Long  time  investments,  as  orchards, 
buildings,  etc.,  should  be  avoided.  Dairying  requires  more  capital  than 
do  the  crops  that  bring  quick  returns.    Pages  535  to  536. 

Rented  farms.  Cash  rent  is  much  better  for  the  tenant  than  share 
rent.  It  requires  a  little  more  capital.  The  tenant  takes  all  the  risk 
but  it  pays  him  much  better.  If  a  landlord  has  time  to  look  after  a  farm 
and  knows  how  to  farm,  it  pays  the  landlord  better  to  rent  a  farm  on 
shares.    Pages  541  to  542. 

A  tenant  should  insist  on  good  cows  if  he  is  keeping  them  on  shares. 
An  average  cow  may  pay  the  landlord,  but  pays  the  tenant  practically 
nothing  for  his  time.    Page  541. 

The  common  system  of  rental  gives  the  tenant  half  of  the  crop  re- 
gardless of  labor  required.  It  is  absurd  to  give  the  same  share  of  a 
hay  crop  and  of  a  potato  crop.  When  a  considerable  acreage  of  such 
crops  are  to  be  grown,  the  share  should  vary  with  the  labor  required. 

A  lease  should  provide  for  a  type  of  farming  that  will  maintain  the 
productivity  of  the  land  and  at  the  same  time  allow  a  reasonable  profit 
for  both  parties. 

Buying  a  farm.  The  same  amount  of  money  invested  in  the  better 
soil  types  pays  better  than  if  invested  in  poor  soil.  It  pays  better  to 
buy  a  good  farm  than  a  run-down  farm.    Pages  434  to  436. 

The  farms  that  were  worth  a  little  more  per  acre  than  the  average 
paid  better  than  the  cheaper  or  higher  priced  ones.    Pages  429  to  430. 

Some  of  the  cheap  farms  are  actually  very  expensive  per  tillable  acre; 
Page  532. 
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1  ne  farms  that  are  near  market  but  not  so  near  as  to  have  town  land 
values  are  the  most  profitable.  About  one  to  two  miles  seems  to  be  best. 
Pages  438  to  439. 

It  does  not  often  pay  to  buy  a  farm  with  poor  buildings.  If  one  has 
to  build  or  repair  buildings,  it  often  costs  as  much  as  to  buy  an  entire 
farm  which  already  has  good  buildings.    Pages  558  to  560. 

The  arrangement  of  fields  and  the  physical  obstacles  in  the  way  of  a 
desirable  rearrangement  should  be  carefully  considered.  Large  rectang- 
ular fields  are  desirable  for  using  modem  machinery. 

Soils  that  are  adapted  to  a  great  variety  of  crops  are  best  as  they 
allow  much  more  diversified  farming  and  allow  one  to  change  the  type 
of  farming  when  desired.    Pages  432  to  433. 

There  are  of  course,  many  other  factors  that  should  be  considered 
when  buying  a  farm,  such  as:  drainage,  stumps,  stones,  weeds,  hills, 
water  supply,  woods,  neighbors,  taxes,  etc. 

Education.  The  survey  shows  that  a  high  school  education  is  worth 
as  much  to  a  farmer  as  $6,000  worth  of  5  per  cent  bonds.  A  college 
education  is  worth  nearly  twice  as  much.    Pages  551  to  553. 

Every  farm  boy  should  go  through  high  school  at  least.  If  possible, 
he  should  go  to  an  agricultural  college.  If  he  cannot  go  beyond  the  high 
school,  he  should  certainly  study  agriculture  in  the  high  school. 

Women  as  farmers.  A  few  women  who  manage  their  own  farms 
make  good  labor  incomes.  Since  most  of  the  farm  work  must  be  hired, 
their  success  depends  largely  on  the  quality  of  the  help  they  are  able  to 
secure. 

Farming  does  not  offer  so  good  opportunities  for  women  as  for  men. 

Women  who  inherit  farms  on  which  they  have  been  living  make  more 
money  from  the  farm  if  they  remain  on  it,  rather  than  to  rent  the  farm 
and  live  elsewhere.     Pages  544  to  548. 

The  farm  as  a  home  for  persons  otherwise  employed.  Farms  that 
are  readily  accessible  from  towns  or  railroads  offer  many  advantages 
to  men  of  other  occupatbns  than  farming.  They  lessen  the  cost  of  liv- 
ing, besides  adding  to  thfe  income.     Pages  562  to  563. 

Public  questions.  Larger  farms  are  desirable  not  only  for  the  in- 
dividual farmer,  but  also  for  the  public.    Pages  425  and  527  to  528. 

For  efficient  farming  to-day,  more  capital  is  necessary.  Agricultural 
credit  is  not  so  systematically  handled  as  city  credit.    Pages  403  to  40i. 

Empty  houses  in  certain  sections  have  attracted  much  attention.  Us- 
ually these  are  a  necessary  result  of  the  change  from  hand  tools  to  horse 
drawn  machinery.  The  population  in  most  such  sections  is  still  larger 
than  present  economic  conditions  warrant.  Any  attempt  to  fill  these 
houses  can  only  result  in  failure.    Pages  556  to  557.  f^  1 
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The  fact  that  the  average  cow  does  not  pay,  certainly  justifies  the 
conclusion  that  the  farmer  does  not  receive  as  much  for  dairy  products 
as  they  cost,  when  feed,  labor,  interest,  use  of  barns  and  all  other  cost 
factors  are  counted.    Pages  474  to  475,  478  to  480  and  482  to  486. 

The  question  of  community  ownership  of  some  of  the  cheapest  hill 
lands  for  forestry  purposes  is  well  worth  consideration.    Page  473. 

Legislation  providing  for  the  exemption  of  forests  and  woodlots  from 
taxation  until  the  time  of  cutting  seems  to  be  desirable.  Such  a  law 
would  need  to  be  accompanied  by  reasonable  restrictions  as  to  methods 
of  management.  The  minimum  area  should  be  small  enough  to  encour- 
age tree  planting  on  farms  as  well  as  in  forests.    Page  473. 

To  benefit  the  farmers  as  a  class,  a  system  of  good  dirt  roads  is 
needed  that  will  connect  the  farms  with  towns  and  shipping  points.  It 
would  seem  desirable  to  have  the  State  formulate  a  policy  and  draw  up 
plans  for  this  work  so  that  all  future  road  work,  whether  by  towns  or 
State,  may  be  done  with  the  final  system  in  view.    Pages  560  to  561. 

The  rural  free  delivery  now  reaches  practically  all  the  farmers.  The 
farmers  seem  to  be  practically  unanimous  in  the  opinion  that  a  parcels 
post  should  be  established  so  that  they  may  be  able  to  market  products 
and  receive  supplies  by  mail. 

The  fact  that  the  younger  farmers  are  not  on  the  average  any  better 
educated  than  the  older  ones,  together  with  the  importance  of  education 
for  success  in  farming,  seems  to  indicate  that  the  tendency  of  present 
education  is  away  from  the  farm.  Many  farmers  have  suggested  the 
importance  of  teaching  agriculture  in  the  schools,  in  order  to  keep  in 
school  the  boys  who  expect  to  be  farmers.    Pages  553  to  554. 

The  families  on  farms  are  too  small  for  the  best  social  development 
either  in  the  home,  the  school,  or  the  church.    Pages  554  to  556. 

There  are  many  problems  on  the  poorer  hill  lands  that  are  not  yet 
solved.  Much  experimental  work  is  needed.  There  are  also  several 
types  of  farming  that  ought  to  be  tested  in  a  business  way.  Farm  man- 
agement or  business  management  farms  are  needed  for  such  tests. 
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SPRAYING  FOR  BLACK  ROT  OF  THE  GRAPE  IN  A  DRY 

SEASON 

EXPERIMENTAL  WORK  IN  CONTROL  OF  BLACK  ROT  OF 

GRAPES  IN  1909 

Donald  Reddick  and  C.  S.  Wilson 

The  experimental  plats  for  the  year  1909  were  located,  as  stated  in 
Bulletin  266,  in  the  Cushman  Vineyard  at  Romulus,  the  vineyard  from 
which,  because  of  Black  Rot  and  Mildew,  no  grapes  had  been  picked  for 

many  years.  The  illustra- 
tion (Fig.  202)  conveys 
some  idea  of  the  rundown 
condition  of  this  vineyard. 
The  fruit  of  the  previous 
summer  had  been  destroyed 
by  the  Mildew  and  the 
Black  Rot,  and  the  vines 
defoliated  by  the  Mildew. 
In  consequence  of  this  se- 
vere infection  of  Mildew, 
more  wood  than  normal 
jiad  to  be  pruned  away,  be- 
cause it  did  not  mature 
and  was  quickly  frozen 
with  the  advent  of  cold 
weather.  Often  only  one 
or  two  living  buds  could  be 
found  on  a  cane.  This  con- 
dition is  well  shown  in 
Fig.  203,  a  photograph 
taken  on  the  same  date  as 
that  in  Fig.  202,  but  in  the 
year    1909. 

The  plats  were  located 
to  secure  the  worst  condi- 
tions possible.  They 
were  on  a  gentle  slope  to 
the    east    and    toward    the 


Fig.  202. — Shows  the  average  condition  of  the 
vines  in  igo8  in  that  part  of  the  vineyard  chosen 
for  experimental  work  in  igog.  Foliage  de- 
stroyed by  the  Mildew  (Plasmopara)  and  the 
fruit  by  Black  Rot  (guignardia) .  Compare  with 
Fig.  203,  a  photograph  made  in  the  same  plat 
on  the  same  day  of  the  succeeding  year. 
Photo.   Sept.  9.   J908. 
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lake.    The  soil  was  a  light  clay  to  gravelly  loam  and  was  very  uniform. 

As  the  vineyard  had  been  neglected  for  several  years  the  entire  surface 

of  the  ground  was  covered  with  a  fairly  dense  sod.     The  vines,  as  far 

as  growth  and   health   were  concerned,   seemed   to  be   fairly  uniform. 

The  yield  and  the  number  of  missing  vines,  as  discovered  later,  showed 

that  this  was  not  the  case. 
It  so  happened  that  eleven  rows  made  just  an  acre.     Accordingly, 

acre  plats  of  eleven  rows  each  were  laid  out.    One  row  was  left  between 

each  two  plats,  as  indicated  in  the  chart,  Fig.  204. 

The  plats  were  plowed 
early  in  June.  Because  of 
the  sod  this  was  difficult, 
but  by  using  a  chain  the 
sod  was  completely  turned 
over  and  the  old  mummies 
of  the  preceding  year 
buried.  This  included  the 
mummies  adhering  to  the 
canes  for  in  pruning  the 
men  had  removed  all  such 
clusters.  Following  the 
plow,  the  disk  harrow  was 
used  to  break  up  the  sod, 
and  later  the  entire  vine- 
yard was  gone  over  twice 
with  a  spring-tooth  harrow. 
The  management  of  the 
experimental  plat  was  en- 
tirely in  the  hands  of  rep- 
resentatives of  the  College, 
and,  consequently,  we  were 
able  to  do  just  the  work  we 
wished  and  at  the  proper 
time.  As  in  former  years, 
a  field  laboratory  was 
maintained  on  the  vine- 
yard,  and   as  both  of  the 


Fig.  203. — Shows  average  condition  of  vines  in  the 
experimental  plat  of  1909.  Fruit  and  foliage 
healthy.  Yield  light  because  of  the  small  num- 
ber of  buds  which  survived  the  winter.  Com- 
pare with  Fig.  202,  a  photograph  made  in  the 
same  plat  on  the  same  day  of  the  preceding 
year.    Photo.  Sept.  9,  1909- 


authors  were  forced  to  be  absent  for  a  part  of  the  time  the  work  was 
placed  in  the  charge  of  Mr.  C.  N.  Jensen,  who  took  all  records  and  kept 
all  data.  Mr  Jensen  rendered  valuable  and  efficient  service  in  this  work 
during  the  summer. 
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II 


III 


IV 


BOREBAUX  MIXTORB  4-4-60 

TWICE  BEFORE  ATO  TWICE  AFTER 
BLOSSOMING 


DISCARD- 


BORDEAUX  MIXTURE  4-4-60 
TWICE  BEFORE  AKD  THREE  TIMES 
AFTER  BLOSSOMISa 


DISCARD— 


BORDEAUX  MIXTURE  5-3-50 
TWICE  BEFORE  AND  THREE  TIMES 
AFTER  BLOSSOMING 


— DISCARD- 


AMMONIACAL  C0PFE3)  CARBONATE 
10-6-60.  TWICE  BEFORE  AND 
THREE  TIMES  AFTER  BLOSSOMING . 


^DISCARD 


VI 


VII 


VIII 


CHECX(NOT  SPRAYED) 


DISCARD' 


COMMERCIAL  LIME-SULFUR  l-26» 
1-80,1-40.  TWICE  BEFORE  AND 
THREE  TIMES  AFTER  BLOSSOMING 


—  DISCARD- 


SELF  BOILED  LIME-SULFUR 
8-8-60.   TWICE  BEFORE  AND 
THREE  TIMES  AFTER  BLOSSOMING 


— DISCARD 


BAGGING  EXPERIMENTS 


Fig.  204. — Chart  of  the  experimental  plats  of  1909.    Eleven  rows  in  each  plat,  forty- 
five  vines  in  the  row.    Section  VI.,  Cushman  Vineyard,  Romulus,  N.  Y. 

The  plan  for  the  spraying  was  to  keep  all  new  growth  covered,  as 
we  had  found  in  previous  years  that  this  was  essential  to  the  successful 
control   of  the  disease.     Following  each   rain  there  appeared  to  be  a 
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period  of  more  active  growth  of  vine,  when  new  leaves  pushed  out 
rapidly.  This  growth  became  less  and  less,  and  after  a  period  of  dry 
weather,  when  elongation  and  enlargement  practically  ceased,  the  spray- 
was  applied.  Particular  effort,  however,  was  made  to  have  this  applica- 
tion precede  a  rain.  This  was  possible  in  most  cases  from  a  study  of 
the  daily  weather  maps,  which  were  received  from  the  nearest  recording 
station  and  from  which  we  were  able  to  follow  the  storm  centers  quite 
accurately.  It  is  necessary  to  spray  before  a  rain  only  in  cases  in  which 
the  new  growth  is  exposed  and  not  covered  with  the  spray.  This  growth 
may  be  in  length  of  stem,  or  new  leaf,  or  increase  in  size  of  leaf  and 
berry,  exposing  a  new  area.  The  effect  of  showers  followed  by  sun- 
shine or  brisk  wind  is  practically  nil. '  Such  a  shower  is  not  of  sufficient 
duration  to  permit  of  spore  germination  and  has  practically  no  effect  on 
the  growth  of  the  vine.  Thus  the  spray  of  June  i6th  was  effective 
against  the  very  general  infection  which  occurred  June  22nd  and  23rd. 
On  the  other  hand  the  showers  of  July  3rd,  nth,  12th,  15th,  i6th, 
1 8th,  22nd,  23rd  and  24th  were  of  such  short  duration  or  were  accom- 
panied by  winds  which  dried  up  the  water  so  quickly  that  practically 
no  infection  occurred,  even  on  unsprayed  areas,  and  this  in  spite  of  the 
fact  that  there  were  many  spots  on  the  leaves  and  lesions  on  the  peduncles 
and  pedicles  of  the  clusters. 

These  points  would  seem  to  be  of  great  importance  to  the  vine- 
yardist.  He  cannot  hope  to  obtain  the  best  results  from  his  spraying 
unless  he  follows  the  weather  conditions  as  related  to  the  growth  of  tho 
vine,  and  unless  he  realizes  the  value  of  the  foregoing  facts  concerning 
the  habits  of  the  fungus  causing  the  disease. 

Considering  the  above  points,  the  following  applications  were  made 
in  1909: 

Date  of  Spraying  Experimental  Plats  in  1909 

Cushman  Vineyard,  Romulus,  N.  Y. 


^Bordeaux 
4-4-50 


U 


Bordeaux 
4-4-SO 


III 

Bordeaux 
3-3-50 


IV 

Am.  cop. 

car. 
6-io-so 


V 
Check 


VI 

Heavy  grade 

Niagara 
lime-sulfur 

VII 

Self-boiled 

8-8-so 

une      7.  I-2S*- 
une    16* 
une    28, 1-30 
uly       s,  1-30 
uly     29,  1-40 

June          3 
June        16 
,  une        28 
.uly           5 
July         21 

VIII 
Bagging 


June 
June 
June 
July 


Ttme  A 

June  10 

June  28 

July  5 

July  21 


June  3 

,  une  16 

,  une  28 

July  21 


Plat  I  was  to  receive  no  more  than  four  applications.    It  was  planned  to  spray 
Plats  II  and  III  late  in  the  season  with  ammoniacal  copper  carbonate,  but  this 
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was  deemed  unnecessary  because  of  weather  conditions  and  the  state  of  the 
fungus  at  that  time. 

*Plat  VI  received  an  application  of  self -boiled  lime-sulfur  June  16.  The  other 
applications  on  Plat  VI  were  with  Niagara  lime-sulfur  as  follows:  First  ap- 
plication, June  7,  1-25;  June  28,  1-30;  July  5,  1-30  (11/2  rows  on  west  not  sprayed)  ; 
July  29,  1-40. 

Plat  VII  received  an  application  of  commercial  lime-sulfur  on  June  16,  diluted 
1-25,  and  on  July  21  the  three  rows  on  the  west  side  of  the  plat  were  not  sprayed. 

Plat  VIII,  the  bagging  experiment,  was  not  sprayed  at  all.  Two  rows  on  the 
west  side  were  bagged  July  i;  the  next  two  rows  were  bagged  July  5,  and  the 
next  two  July  10. 

The  heaviest  infection  of  the  season,  as  in  the  two  previous  years, 
occurred  on  June  22nd.  This,  of  course,  is  only  a  coincidence.  An  im- 
portant difference,  however,  is  to  be  noted,  which  in  our  estimation  meant 
half  the  crop.  In  previous  years  the  vines  had  been  in  bloom  on  this 
date.  In  this  particular  year  practically  no  vines  were  in  bloom.  Leaf 
infection's  from  the  rain  of  May  28th  were  abundant  and  spores  wera 
present.  Consequently,  many  infections  occurred  at  this  time  on  the 
shoots,  leaves,  peduncles,  and  tendrils,  but  the  fruit  was  protected  by 
the  calyx,  which  fell  off  two  to  four  days  later.  An  infection  of  this 
kind,  though  not  serious  on  the  fruit,  has  its  bearing  on  next  year's 
crop.  The  fungus  is  known  to  winter  over  on  the  parts  of  the  vine 
above  mentioned,  and  thus  sufficient  opportunity  is  afforded  for  an  epi- 
demic of  Black  Rot  the  following  year,  provided  the  weather  conditions 
are  favorable. 

An  examination  of  a  few  rotting  berries  found  July  14th  (infected 
June  22nd  or  23rd),  on  canes  lying  on  the  ground,  showed  that  the  fungus 
was  already  preparing  for  winter.  Nearly  half  of  the  fruiting  bodies  of 
the  fungus  formed  on  the  rotted  berries  were  pycnosclerotia  or  spermo- 
gonia.  On  July  25th,  an  examination  of  berries  rotted  from  a  light  in- 
fection of  July  3rd  showed  that  the  winter  stage  had  developed  exclu- 
sively, or  practically  so.  On  the  strength  of  this  observation  and  of 
similar  observations  of  the  previous  year,  spraying  in  the  experimental 
plat  was  discontinued.  There  was  some  apprehension  that  pycnospores 
in  pycnidia  on  peduncles  might  prove  a  source  of  infection,  but  examina- 
tion showed  most  of  these  to  have  voided  their  spores.  Later  develop- 
ments justified  this  action. 

The  time  of  the  application  of  the  sprays  was  governed  by  the  weather 
conditions,  the  growth  of  the  vine,  and  the  development  of  the  fruit. 
The  mixture  was  applied  by  a  traction  outfit  and  the  spray  directed  by 
hand,  as  described  and  illustrated  in  previous  bulletins.  Former  experi- 
ments had  shown  that  bordeaux  mixture,  4-4-50,  controlled  the  disease 
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effectively.  Plat  III  was  designed  to  test  the  efficiency  of  a  weaker 
solution.  It  was  planned  to  spray  Plat  IV  with  ammoniacal  copper 
carbonate,  5-3-50,  but  when  this  mixture  is  compared  with  bordeaux 
with  respect  to  the  amount  of  effective  copper,  it  seems  to  be  only  about 
one-half  as  "  strong."  Accordingly,  the  amounts  of  ammonia  and  copper 
carbonate  in  the  above  formula  were  doubled.  At  this  strength  consider- 
able burning  resulted.  The  vines  appeared  darker,  but  did  not  turn 
brown,  and  the  fact  that  they  had  been  burned  was  not  discovered  until 
after  the  fourth  application,  when  the  burning  effect  of  the  spray  was 
quite  evident.  For  the  last  application  of  ammoniacal  copper  carbonate 
the  strength  was  materially  reduced,  seven  ounces  of  carbonate  and  a 
proportionate  amount  of  ammonia  being  used.  Even  at  this  reduced 
strength  some  burning  resulted. 

By  an  unfortunate  accident  the  applications-  of  July  i6th  on  Plats  VI 
and  VII  were  interchanged.  The  final  result  seems  not  to  have  been 
materially  affected.  The  first  two  applications  on  Plat  VI  of  the  heavy 
grade  Niagara  brand  lime-sulfur  were  made  at  a  dilution  of  1-25. 
Shortly  after  the  second  application  it  became  apparent  that  the  leaves 
were  severely  injured  by  the  application,  although  the  fruit  escaped. 
The  leaves  were  checked  in  their  growth,  became  brown  and  crimped 
about  the  margin,  and  for  this  reason  the  whole  plat  stood  out  promi- 
nently. The  next  two  applications  were  made  at  a  dilution  of  1-30. 
Even  at  this  dilution  there  was  some  injury,  so  that  the  last  application 
was  made  at  a  dilution  of  1-45.  There  was  no  apparent  injury  at  this 
strength*,  but  on  the  other  hand  there  was  no  opportunity  to  test  the 
value  of  this  dilution  as  a  fungicide. 

The  self-boiled  lime-sulfur  was  made  according  to  Scott's  formula, 
8  pounds  of  each  of  the  ingredients  being  used  to  50  gallons  of  water. 
With  good  lime,  which  we  obtained  from  Ohio,  the  mixture  is  conven- 
iently made,  is  easily  kept  in  suspension,  and  is  readily  applied.  Approxi- 
mately 60  to  65  gallons  per  acre  were  applied  in  the  case  of  all  the 
fungicides. 

The  clusters  of  Plat  VIII  were  bagged,  but  the  plat  was  not  sprayed. 
Two  rows  were  bagged  July  ist,  i.  e.,  as  soon  as  the  berries  were  set 
Because  of  the  unusually  high  winds  of  that  season  many  of  the  cluster*; 
were  broken  off  entirely.  The  next  two  rows  were  bagged  July  5th,  at 
a  time  when  the  peduncles  had  become  a  little  stronger.  The  next  two 
rows  were  bagged  July  loth.  In  all  cases  bagging  proved  a  failure  as 
a  method  of  controlling  the  Black  Rot,  a  fact  which  is  not  surprising.       On 


*  The  reader's  attention  is  called  to  further  trials  with  lime-sulfur  solution  re- 
corded on  page  587. 
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June  22nd,  infection  occurred  quite  generally  and  very  many  peduncles 
and  pedicles  had  lesions  of  the  Black  Rot  on  them.  Hence,  with  each 
shower  which  occurred  during  the  summer  drops  of  water  ran  down 
the  peduncle,  causing  an  exudation  of  spores,  which  in  turn  were  washed 
to  the  berries.  The  bag  served  as  a  protection  from  sun  and  wind,  and 
consequently  more  infections  actually  took  place  on  the  clusters  in  the 
bags  than  on  those  in  the  open. 

The  plats  were  picked  October  14th  and  the  grapes  taken  to  the 
packing  house,  where  the  results  were  carefully  computed.  The  follow- 
ing table  summarizes  the  season's  work: 

Experimental  Plats.* 

Net  weight  Net  Net 

Gross                                        of  first-  welffht  weight  No.  of 

weight    •     No.  of       Net         class  of  wine  of  totten 

of  fruit        boxes     weigh tf      fruit  grapes  culls  t  berries 

Plat            1 3478  138  2604  1874  598  98  494 

Plat           II 4532  178  3404  2536  730  118    

Plat         III 5086  206  3782  2932  646  106  298 

Plat         IV 2800  120  2040  1304  648  48  176 

Plat           V 2560  104  1910  1228  692  42  6572 

Plat         VI 2752  102  2162  1024  862  50  738 

Plat        VII 3252  120  2564  1600  834  70  570 

Plat      VIII 2868  124  2112  1364  598  62  6982 

Rows   not  sprayed 2280  86  1734  loio  672  46    


Total  29608        1 178      22312      14872       6280         640 


In  order  to  determine  the  actual  loss  of  fruit,  one  thousand  perfect 
berries  were  weighed  and  the  average  weight  of  a  single  berry  computed. 
Knowing  the  number  of  rotten  berries  per  plat,  the  loss  in  terms  of 
fresh  fruit  was  easily  computed.  This  does  not  represent  exactly  the 
true  state  of  affairs,  however,  since  a  few  rotten  berries  in  a  cluster 
made  that  cluster  unmarketable  as  first-grade  fruit.  The  actual  difference 
between  the  sprayed  and  the  unsprayed  plats  approximated  thirty-eight 
to  forty  pounds  of  fruit,  which  at  prevailing  prices  would  no  more  than 
pay  for  one  application  of  the  mixture. 


♦The  number  of  missing  vines  in  the  various  plats  is  as  follows:  Plat  I,  85; 
II,  63 ;  III,  S3 ;  IV,  45 ;  V,  41 ;  VI,  48 ;  VII,  60. 

tThe  net  weight  as  given  in  this  column  should  equal  the  sum  of  the  net 
weight  of  first-class  fruit  plus  net  weight  of  wine  grapes  plus  net  weight  of  culls 
as  given  in  the  next  three  columns.  The  figures  in  the  next  three  columns,  how- 
ever, represent  actual  weights  after  grading.  Some  shrinkage  must  necessarily 
occur,  which  accounts  for  the  fact  that  the  sum  of  these  three  net  weights  is 
slightly  less  than  the  total  net  weight. 

I  Culls  include  crushed  fruit  only,  not  rotten.  ^-^  , 
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The  fruit  was  marketed  through  the  Niagara  Grape  Market  Company. 
One-half  the  fruit  from  the  total  area,  which  according  to  the  contract 
was  the  share  of  the  College,  brought  in  total  receipts  of  $252.49.  At 
the  same  rate  all  of  the  fruit  would  have  brought  in  total  receipts  of 
$504.98.  The  total  expense  for  the  entire  area  was  $284.92,  leaving  a 
net  income  of  $220.06  for  the  nine  acres,  or  about  $24  per  acre. 

The  net  income  per  acre  would  have  been  greater  had  no  spraying 
been  done,  but  in  general  we  feel  that  money  spent  in  spraying  is  well 
spent.  The  greatest  value  of  the  spraying  lies  in  the  fact  that  the  canes 
of  these  vines  went  into  the  winter  practically  free  from  Black  Rot 
lesions.  Those  of  the  unsprayed  vines  had  abundant  lesions  on  them 
which  served  as  infection  sources  in  the  spring  of  1910.  We  are  of  the 
opinion  that  sufficient  sources  of  infection  were  present  in  unsprayed 
areas  to  precipitate  an  epidemic  of  the  disease  in  1910,  provided  the 
weather  conditions  had  been  favorable. 

In  fact,  the  spraying  in  1909  we  regard  as  extremely  important  to 
any  one  who  has  had  Black  Rot  in  the  past  and  in  whose  vineyard 
occasional  rotten  berries  can  be  found.  By  spraying  in  such  a  year  it 
will  be  possible  to  eliminate  the  disease,  or  at  least  to  reduce  it  to  such 
an  extent  as  to  make  control  possible  in  an  epidemic  year,  which  is 
likely  to  follow. 

The  experitnent  with  Mildew  proved  a  total  failure,  since  we  were 
unable  to  find  a  single  lesion  of  the  Plasmopara  in  any  part  of  the  plat.% 
nor  even  in  uncultivated  and  untrimmed  parts  of  the  vineyard.  The 
total  absence  of  this  parasite  is  unexplainable.  No  oospores  could  be 
found  in  1908,  though  diligent  search  was  made  for  them.  They  may  not 
have  been  formed.  On  the  other  hand,  if  they  were  formed,  they  may 
not  have  had  opportunity  to  germinate.  First  appearances  of  Mildew- 
are  usually  in  July,  so  presumably  the  first  infections  come  relatively 
late.  If  this  is  true,  the  exceptionally  dry  weather  and  unfavorable 
conditions  generally,  by  preventing  oospore  germination,  may  account  for 
the  absence  of  the  Plasmopara. 

The  work  of  the  summer  was  unsatisfactory  from  the  point  of  view 
of  the  experimenter,  though  favorable  to  the  grower.  A  few  of  the 
more  important  findings  may  be  stated  as  follows : 

Some  data  were  accumulated  in  regard  to  the  strength  of  lime-sulfur 
for  fungicidal  purposes. 

When  so  used  the  ammoniacal  copper  carbonate  cannot  be  used 
stronger  than  the  usual  fonnula  because  of  burning. 

Bordeaux  mixture  of  the  4-4-50  formula  again  seems  sufficiently 
"  strong  '•  for  controlling  the  disease,  and  there  are  indications  that  the 
3-3-50  formula  may  also  prove  effective. 
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The  praying  of  grapes  for  Black  Rot  in  1909  was  not  profitable 
so  far  as  the  immediate  financial  returns  were  concerned,  but  as  a 
means  of  reducing  the  amount  of  rot  in  another  year  we  regard  it  as 
decidedly  profitable. 

Perhaps  the  most  important  message  to  the  grower  is  again  to  call 
attention  to  the  fact  that  the  Black  Rot  disease,  according  to  past  history, 
is  one  that  comes  in  waves.  The  mere  fact  that  we  have  had  three  years 
of  comparative  immunity  means  that  the  time  for  the  next  epidemic  is 
nearer  at  hand.  There  is  not  the  slightest  doubt  that  if  a  rainy  season 
comes  in  1910  we  shall  have  an  epidemic  of  Black  Rot.  If  the  season 
is  dry,  it  will  still  be  important  to  spray  in  1910  to  completely  eradicate 
the  disease.  It  therefore  seems  wise  to  repeat  the  recommendation  of 
former  bulletins  on  this  subject,  with  such  slight  changes  as  experience 
permits.    See  page  588. 
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EXPERIMENTAL  WORK  IN  CONTROL  OF  BLACK  ROT   OF 

GRAPES  IN  1910 

Donald  Reddick  and  Chas.  T.  Gregory 

The  experimental  plats  for  1910  were  located,  as  in  former  years, 
in  the  Cushman  vineyard  at  Romulus,  N.  Y.,  the  only  difference  being 
that  this  year  they  were  in  a  section  which  was  not  sprayed  in  1909. 
The  variety  was  the  same  (Niagara),  the  soil  approximately  the  same, 
and  the  plats  were  of  the  same  size.  The  spray  mixtures  were  slightly 
changed,  as  can  be  seen  from  the  chart  (Fig.  205). 

There  were  eight  plats  having  seven  rows  each,  sixty-eight  vines  long, 
thus  giving  exactly  one  acre  to  each  plat.  Between  the  plats  were 
discard  rows  to  prevent  the  different  sprays  blowing  to  the  adjacent 
plats.    In  all  there  were  nine  acres  in  the  experimental  vineyard. 

The  plats  were  arranged  as  sliown  in  the  chart  on  page  583,  and  re- 
ceived different  treatments  as  indicated. 

Plats  I  to  III  inclusive,  all  on  single  wires,  were  designed  to  test  the 
effectiveness  of  the  various  appHcations  of  a  spray  which  has  previously 
been  shown  to  be  effective  in  controlling  Black  Rot  infections.  The 
remaining  plats  were  designed  to  test  relative  values  of  the  various 
substances  mentioned. 

During  the  spring  there  was  considerable  rain  and  conditions  seemed 
favorable  for  a  Black  Rot  year.  But,  in  general,  these  rains  occurred 
before  the  ascospores  of  the  fungus  had  matured,  and  thus  few  infec- 
tions occurred  until  the  latter  part  of  the  rainy  period.  The  rains  during 
the  summer  were  not  of  sufficient  frequency  or  duration  to  cause  any 
great  amount  of  new  infection. 

All  the  plats  except  No.  II  were  first  sprayed  on  June  3rd.  At  this 
time  the  lime-sulfur  was  applied  on  Plat  IV  at  the  rate  of  i  gallon  of 
lime-sulfur  in  50  gallons  of  water.  The  other  plats  were  sprayed  as 
shown  in  the  chart.  The  first  three,  and  in  some  cases  four,  leaves  had 
unfolded.  As  the  shoots  were  very  small  it  was  possible  to  spray  2  acres 
with  the  65  gallons  which  the  spray  tank  held. 

The  spray  machine  was  a  Brown  traction  sprayer  with  a  6s-gallon  tank, 
a  small  compression  chamber  and  two  double-action  pumps,  with  which 
it  was  easy  to  hold  a  pressure  of  125-150  pounds.  The  spraying  was 
done  by  two  men  with  trailers,  because  in  this  way  the  vines  were  more 
thoroughly  and  effectively  covered  and  the  spray  was  not  wasted  to  such 
an  extent  as  with  the  stationary  nozzles. 
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5^3 


II 


III 


IV 


VI 


VII 


VIII 


BORQBAQX  MIXTURE  4-4-60 
BEFORE  ft  AFTER  BLOSSCMZHC 


■nrscARD- 


DORBR/raX  MZXTURB  4.4.60 
BEFORE  A  AFTI9  BLOSSOMZAv 
A  QHCB  MORE 


Single  wire 


— DISCARD 


BQRDRADX  MIXTURE  4-4-60 
AFTRR  BLOSSOHIVO  A  TWICE 

MORE 


.^         Single  wire 


DISCARD 


COMMERCIAL  LIME-SULFUR  1*50     _ 

A  1-66.  BRFORE  A  AFTRt  Z 

BLQgSCMlEG  A  TWICE  MORE 


"^'""^"^"^"'"TOSCARD 


SELF  BOILED  LIMR-SULFUR 
6-S-60«  'BEFORE  A  AFTER 
BL0SS0MIB6  A   TWICE  MORE 


CHECXdOT  SPRAYED) 


—  DISCARD '• 


BORDEAUX  MIXTURE  4-4-60 
BEFORE  A  AFTER  BLOSSOHIHC^ 
A  TWICE  MORE 


DISCARD — *- 


AMKOHIACAL  COPPER  CARBOSATR 
•6-3-60.  B170RE  AHD  AFTER 
BLOSSOMIirG  A   TWICE  MORE 


Single  wire 


Double  wire 


Double  wire 


Double  wire 


Double  wire 


Double  wire 


Fig.  20S.— Chart  of  the  experimental  plats  of  1910.    Seven  rows  in  each  plat,  sixty- 
five  vines  in  the  row.    Section  VIL,  Cushman  Vineyard,  Romulus,  N.  Y. 

We  anticipated  some  leaf  infection  on  all  of  the  experimental  plats 
because  of  the  frequent  and  continuous  rains  late  in  May.  On  June 
14th  the  first  leaf  spots  were  noted.     New  ones  appeared  from  day  to 
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day  until. they  were  quite  numerous.  All  such  spots  were  practically 
confined  to  the  first  and  second  leaves,  and  no  other  leaves  became 
infected  except  on  Plats  III  and  VI,  which  did  not  receive  the  early 
spraying.  The  third  and  fourth  leaves,  the  shoots,  tendrils  and  clusters 
•  were  protected  by  the  spray  against  slight  infections  which  came  with 
rains  of  June  i6th  and  i8th.  This  early  spray  afforded  ample  protection 
for  th-e  clusters  until  the  blossoms  fell,  and  it  seemed  to  us  impracticable 
to  make  another  application  to  prevent  leaf  infection  on  any  new  leaves 
which  might  unfold  before  the  blossoms  had  fallen. 

On  June  14th  it  became  evident  that  the  commercial  lime-sulfur  had 
caused  marked  foliage  injury  on  Plat  IV.  For  subsequent  sprayings 
this  was  reduced  to  1-65  dilution. 

June  24th  the  vines  were  in  full  bloom.  With  the  dropping  of  the 
bloom  all  the  fruit  in  the  vineyard  was  thus  exposed  and  entirely  un- 
protected by  spray.  This  was  an  extremely  critical  period.  Had  rains 
of  some  duration  come  at  this  time,  undoubtedly  much  fruit  would  have 
become  infected.  During  this  time  weather  conditions  were  watched  very 
tlosely.  Daily  weather  maps  were  consulted  carefully  for  storm  centers 
and  their  daily  progress  noted.  We  desired  to  delay  the  spraying  as 
much  as  we  could  in  order  to  allow  for  as  much  increase  in  size  of  the 
young  berry  as  possible,  but  at  the  same  time  to  protect  the  fruit  witli 
spray  before  a  rain  should  come.  We  could  easily  spray  our  plats  in  a 
day.  In  spraying  on  a  commercial  scale  it  would  usually  not  be  prac- 
ticable to  wait  at  all  after  the  blossoms  have  fallen. 

Observation,  of  the  weather  map  for  June  25th  (Saturday)  showed 
no  definite  storm  center,  but  heavy  rains  had  fallen  the  previous  twenty- 
four  hours  in  Dakota,  Nebraska,  and  at  New  Orleans.  The  wind  was 
from  the  east.  :  Sunday  the  wind  blew  from  the  southeast.  Monday. 
June  2T,  we  did  not  wait  for  the  weather  map  (which  did  not  reach  us 
until  2  p.  M.),  but  began  our  spraying  in  the  morning.  At  6:45  p.  m. 
rain  began  to  fall.  During  the  night  .35  inches  fell.  Unfortunately  for 
our  experiment,  the  rain  was  accompanied  by  considerable  wind  which 
shook  off  and  dried  up  the  drops  of  water  clinging  to  the  vines.  We  did 
not  anticipate  much  infection,  therefore,  and  subsequent  developments 
proved  this  to  be  th€  case. 

In  making  this  application  of  spray  particular  attention  was  given  to 
coating  the  fruit  thoroughly,  but  there  was  sufficient  time  in  passing  to 
cover  the  new  growth  of  foliage  (six  to  eight  new  leaves).  At  this 
application  approximately  65  gallons  of  spray  per  acre  were  required- 
Commercial  lime-sulfur  at  a  dilution  of  1-65,  caused  considerable  injury 
to  the  young  fruit. 
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The  third  application  of  spray  was  made  July  12th.  During  the  two 
weeks  since  the  last  application  the  berries  had  increased  in  size  rapidly 
and  were  about  the  size  of  peas  at  this  date.  Our  prediction  of  rain  was 
again  fulfilled.  Spraying  was  finished  at  3  p.  m.  A  shower  of  rain  came 
at  3:30  p.  M.  In  the  afternoon  .33  inches  fell.  At  6  p.  m.  rain  began 
falling  again  and  continued  most  of  the  night,  with  a  fall  of  .7  inches. 
Again  the  rain  was  accompanied  by  wind,  which  doubtless  reduced  the 
amount  of  infection. 

The  rot  from  this  infection  appeared  in  the  untreated  plat  July  22nd, 
and  became  more  apparent  day  by  day  as  the  spots  increased  in  size 
and  the  berries  turned  black.  The  incubation  period  was  just  ten  days. 
Observations  a  few  days  later  than  this  showed  plainly  that  clusters 
which  had  a  single  early  infected  berry  were  nearly  sure  to  be  destroyed 
entirely.  Rain  drops,  from  the  rains  of  July  12th,  falling  on  the  in- 
fected berry  caused  an  exudation  of  pycnospores.  These  were  washed 
down  the  peduncle  of  the  cluster  where  the  drops  clung  and  persisted  for 
many  hours,  thus  allowing  ample  time  for  infection.  Evaporation  of 
such  drops  is  surprisingly  slow  when  the  clusters  are  of  this  age  and  size, 
even  though  the  sun  shines  and  the  wind  blows. 

Many  growers  believe  they  get  excellent  results  from  picking  off 
any  early  infected  berries  in  the  vineyard.  Growers  of  extensive  areas 
of  grapes  say  this  is  practicable.    The  authors  have  never  tried  it. 

By  the  end  of  July  the  clusters  had  reached  considerable  size  and  the 
berries  were  nearly  large  enough  to  touch  each  other.  In  order  to  be 
most  effective,  the  spray  should  reach  all  parts  of  the  berry  and  especially 
its  inner  side,  since  it  is  here  that  nK>st  late  infections  occur.  Accord- 
ingly, in  our  spraying  special  effort  was  made  to  get  a  perfect  mist  spray 
(high  pressure)  and  to  apply  it  directly  to  the  clusters. 

Microscopic  examination  of  rotted  berries  at  this  date  showed  again, 
as  in  former  years,  that  the  fungus  was  developing  its  winter  stage  almost 
to  the  exclusion  of  the  summer  form. 

The  fourth  spraying  was  done  July  27th.  Again  our  prediction  of 
rain  was  very  close.  There  was  a  shower  at  5  p.  m.  and  more  rain  fell 
in  the  night.  July  28th  was  cloudy  and  showery.  This  should  have 
proved  good  infection  weather.  As  a  matter  of  fact,  however,  not  much 
infection  occurred  at  this  time  since  Plats  I  and  II  (the  former  last 
sprayed  June  27th,  the  latter  hst  sprayed  July  12th)  developed  very  little 
Rot.  By  actual  count  (see  page  587),  there  were  for  the  entire  season 
only  a  small  number  of  rotten  berries  on  either  of  these  plats,  and  much 
of  the  infection  had  appeared  prior  to  this  date  (July  27th). 

Had  we  fully  accepted  the  opinion,  expressed  in  connection  with  the 
work  of  1909,  that  spraying  may  be  safely  omitted  after  the  fungus 
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develops  its  winter  form  so  abundantly,  we  should  not  have  made  the 
application  on  July  27th.  Subsequent  developments  show  that  the  appli- 
cation might  well  have  been  omitted.  Before  coming  to  a  definite  con- 
clusion on  the  matter,  however,  we  should  prefer  to  pass  through  an 
epidemic  year.    This  we  did  not  have  in  1910. 

A  careful  examination  of  the  various  plats  was  made  in  late  August 
and  at  picking  time.  From  a  commercial  standpoint  the  Rot  was  not 
serious.  Clipping  out  of  Rot  occasioned  some  delay  and  inconvience  to 
packers.  For  some  unexplained  reason,  the  unsprayed  plat  (Plat  IV) 
did  not  have  as  much  rotten  fruit  as  unsprayed  vines  in  certain  other 
parts  of  the  vineyard,  notwithstanding  the  fact  that  we  chose  this  site 
with  the  purpose  of  obtaining  the  worst  infected  part  of  the  vineyard. 
The  only  possible  explanation  seems  to  be  that  the  vines  were  not  so 
vigorous  and  made  less  growth,  thus  affording  freer  access  for  sun  and 
wind  to  quickly  dry  out  spore-laden  drops  of  water. 

To  the  experienced  eye,  careful  examination  of  the  plats  showed  that 
two  sprayings  (Plat  I)  were  not  sufficient  to  completely  control  the  Rot. 
Three  sprayings,  one  before  the  blossoms  fell  and  two  after  (Plat  II), 
by  actual  count,  did  not  give  satisfactory. control.*  This  seems  to  show 
that  our  third  application  of  spray  was  of  no  avail  in  1910.  In  both 
cases  the  berries  increased  so  much  in  size  after  the  last  spraying  that 
new  surface  was  exposed  to  slight  infections  of  July  27th  and  28th. 
.  Owing  to  an  error,  clusters  from  Plat  III,  sprayed  three  times  after 
the  blossoms  fell,  were  not  counted  to  estimate  the  percentage  of  Rot, 
but  from  the  general  examination,  control  seemed  to  have  been  nearly  per- 
fect. This  shows  that  bordeaux  mixture  properly  applied  and  at  the 
right  time  may  be  depended  upon  to  prevent  Black  Rot  infection,  even 
though  the  fungus  is  present,  as  it  was  on  the  foliage  in  this  plat.  On 
the  other  hand,  it  does  not  do  away  with  the  arguments  advanced  in  the 
first  part  of  this  bulletin  in  favor  of  making  the  early  application. 

In  the  plats  designed  to  test  the  relative  value  of  various  spray  mix- 
tures, we  found  again  that  we  had  used  nothing  which  gave  more 
satisfactory  results  than  the  original  grape  spray  —  bordeaux  mixture. 

Scott  (self-boiled)  lime-sulfur  (Plat  V),  8-8-50,  proved  an  easy 
spray  to  prepare  and  apply,  but  was  not  at  all  effective  even  in  a  season 
of  mild  attack.  The  mixture  does  not  adhere  well  to  the  smooth  surface 
of  the  grape.  Unless  some  "  sticker  "  can  be  used  with  it,  we  shall  have 
to  abandon  its  use  for  Black  Rot  control. 


♦The  difference  between  these  two  plats  (see  page  587)  is  within  the  range 
of  experimental  error  but  may  be  accounted  for  by  the  fact  that  there  were  many 
more  missing  vines  in  Plat  I,  thus  allowing  freer  circulation  of  air. 
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Commercial  lime-sulfur  (Plat  IV)  at  a  dilution  of  1-65,  proved  even 
less  effective  than  the  Scott  mixture.  Not  only  were  the  clusters  af- 
fected directly,  but  because  of  injury  to  foliage,  they  were  prevented 
from  attaining  complete  development.  This  is  strikingly  shown  by  9 
comparison  with  vines  sprayed  with  bordeaux : 


Lime-sulfur  plat 
Bordeaux   plat    . 


Average 

number 

baskets 

Average 

Average 
yield 

first-lass 

number 

fruit 

wine  grapes 

per  vine 

per  vine 

per  vine 

8.8  lbs. 

.88 

3.6  lbs. 

14.9  " 

2.88 

4.2    " 

Ammoniacal  copper  carbonate,  5-3-50  (Plat  VIII),  proved  only 
slightly  more  effective  than  the  lime-sulfur  preparations  used.  No 
burning  was  apparent. 

Bordeaux  mixture,  4-4-50  (Plat  VII),  has  again  proved  the  most 
effective  fungicide  used  against  the  Black  Rot  disease. 

The  following  table  was  prepared  by  making  a  count  of  approximately 
500  clusters  of  fruit  from  the  various  plats,  the  clusters  taken  at  random 
and  the  number  of  rotten  berries  counted.  We  do  not  believe  this  repre- 
sents the  exact  condition,  for  at  certain  stages  of  the  development  of  Rot 
in  the  berries  they  are  easily  jarred  from  their  pedicles  and  fall  to  the 
ground.  Probably  the  difference  should  be  greater  than  here  indicated 
The  method  of  weighing,  used  in  former  publications  on  this  subject^ 
is  also  open  to  criticism,  but  in  our  opinion  most  nearly  reveals  the  facts 
that  are  of  importance  to  the  producer. 

No, 
Plat 

I  

2 

3* ; 

4 

5 : 

6 

7 

8 

GENERAL  CONCLUSIONS 

The  results  for  the  two  seasons,  1909  and  1910,  show  that  with  the 
best  fungicide  used  by  us  for  controlling  Black  Rot,  the  applications 
thought  necessary  for  proper  control  of  the  disease  have  been  applied 
at  an  actual  loss.  If  an  average  is  taken  of  the  four  years  in  which  we 
have  kept  accurate  record  of  loss  from  Black  Rot  (see  Cornell  Bulletins 

♦By  mistake  not  counted.  Digitized  by  VjOOg  IC 


0.  clusters   No.  rotten 
counted          berries 

488 

91 

502 

118 

SI5 

543 

545 

539 

491 

653 

519 

45 

500 

408 
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253  and  266),  we  find  that  the  advantage  is  decidedly  in  favor  of  spray- 
ing. The  results  over  a  period  of  ten  years  will  determine  whether 
grape  spraying  year  after  year  is  profitable. 

Bordeaux  mixture,  4-4-50,  still  maintains  its  pre-eminence  as  a  spray 
for  Black  Rot  of  grapes. 

The  time  of  application  of  the  spray  is  the  most  important  single 
factor  in  the  control  of  this  disease.  Spray  must  be  on  the  fruit  and  tRe 
foliage  to  serve  as  a  protection  against  infection,  which  is  permitted 
(practically)  only  by  rain  of  some  duration. 

The  use  of  the  weather  map  and  of  local  observations,  together  with 
careful  observation  of  the  condition  or  stage  of  development  of  the 
vines,  should  have  a  place  in  every  rational  attempt  to  control  Black  Rot. 

RECOMMENDATIONS 

Plow  as  early  as  practicable,  making  a  special  effort  to  turn  under 
all  rotten  clusters  and  leaves. 

Keep  all  weeds  and  grass  down. 

Instruct  workmen  to  gather  any  mummies  left  on  the  canes. 

Do  not  allow  basal  sprouts  to  spread  over  the  ground. 

Spray  thoroughly.  The  time  of  application  will  depend  on  the  weather. 
G>ntrary  to  common  belief,  the  spray  should  be  applied  before  rather 
than  after  a  rain.  In  general,  the  time  of  applications  will  be  as  follows : 
(i)  with  bordeaux  mixture,  4-4-50,  at  the  time  when  the  second  or 
third  leaf  is  showing;  (2)  with  the  same  mixture  soon  after  blossoms  have 
fallen.  About  two  more  applications  will  be  necessary  and  should  be 
made  at  intervals  of  ten  days  to  two  weeks. 

The  spray  should  be  applied  at  a  pressure  of  at  least  100  pounds.  It 
is  better  to  use  trailers  for  all  the  applications,  but  stationary  nozzles 
may  be  substituted  for  the  first  spraying.  After  the  blossoms  fall  the 
spray  should  be  directed  on  the  clusters  and  the  tips  of  the  shoots. 


Note.— The  reader's  attention  is  called  to  Bulletin  293,  entitled,  The  Black  Rot 
Disease  of  Grapes.  This  is  an  extended  technical  treatise  of  the  nature  and  cause 
of  the  disease.     It  will  be  sent  to  any  resident  of  the  state  requesting  it. 
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STUDIES  OF  VARIATION  IN  PLANTS* 

By  Harry  H.  Love 

Perhaps  the  most  striking  fact  about  plants  is  their  variability.  No 
two  individuals  in  a  row  of  peas;  corn,  or  other  crop,  are  exactly  alike. 
There  is  something  about  each  individual  which  enables  a  person  to 
distinguish  it  from  every  other  in  the  same  class. 

There  are  two  general  causes  of  this  difference :  heredity  and  environ- 
ment. By  a  change  in  the  environmental  conditions,  such  as  moisture, 
temperature,  and  food  supply,  a  corresponding  change  may  be  brought 
about  in  the  plant  or  group  of  plants. 

One  of  the  very  important  problems  before  the  experimental  breeder 
is  to  produce  variation  by  external  means.  Within  recent  years  much 
interest  has  been  manifested  in  the  stimulation  and  production  of  varia- 
tions. One  of  the  greatest  factors  affecting  variability  is  the  relative 
supply  of  food.  That  increased  nutrition  increases  the  variability  of 
plants  has  long  been  tliought  to  be  true.  It  is  probable,  however,  that 
at  times  the  apparent  increase  in  variability  is  a  mere  increase  in  bigness, 
or  size,  and  not  in  the  range  of  variability  of  the  plants  in  question. 
While  investigators  have  held  that  increased  nutrition  increases  variabil- 
ity, there  has  been  very  little  careful  work  done  to  determine  to  what 
extent  this  belief  is  supported  by  facts. 

The  best  way  to  determine  the  exact  effect  of  nutrition  is  by  careful 
analytical  study;  and  the  problems  may  well  be  studied  by  means  of 
statistical  methods.  In  fact,  such  problems  cannot  well  be  analyzed 
without  the  use  of  these  methods.  In  experiments  of  this  nature,  these 
methods  bear  the  same  relation  to  the  work  of  the  biologist  that  the 
chemical  balance  and  reagents  do  to  the  analytical  work  of  the  chemist. 

The  purpose  of  this  paper  is  to  study  the  extent  to  which  fluctuating 
variability  is  influenced  by  environmental  factors  and  especially  by  food 
supply.  Our  study  will  fall  into  two  general  divisions,  one  to  determine 
the  effect  of  nutrition  on  the  variability  of  certain  characters  and  on 
the  correlation  coefficient,  and  the  other  to  study  the  correlation  of  cer- 
tain characters  to  determine,  if  possible,  their  importance  in  dealing  with 
such  plants  as  are  considered  in  this  particular  investigation. 

The  author  takes  this  opportunity  to  acknowledge  his  indebtedness 
to  those  who  have  aided  so  materially  in  the  preparation  of  this  paper: 

♦Paper  No.  VIII,  Laboratory  of  Experimental  Plant-Breeding,  Cornell  Uni- 
versity, Ithaca,  New  York. 

♦A  thesis  presented  to  the  faculty  of  Cornell  University  for  the  degree  of 
Doctor  of  Philosophy,  June,  1909.         ^^^^^  Digitized  by  GoOglC 
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To  H.  J.  Webber,  Professor  of  Plant-Breeding,  who  has  generously 
offered  suggestions  and  criticisms  and  who  has  been  a  constant  source 
of  encouragement;  to  Mrs.  A.  B.  Love,  A.  W.  Gilbert,  E.  P.  Humbert 
and  C.  E.  Leighty,  who  have  helped  greatly  in  the  preparation  of  ma- 
terial and  in  making  tables  and  checking  data. 

HISTORICAL 

The  following  summary  of  the  literature  dealing  with  the  effect  of 
nutrition  will  afford  a  knowledge  of  the  present  status  of  the  question. 

Thomas  Andrew  Knight^  was  the  first  to  voice  the  law  of  the  effect 
of  food  supply  in  producing  variation.  He  believed  that  nutrition  reigned 
supreme  in  the  whole  realm  of  variability.  The  amount  of  useful  nutri- 
tion is  the  all-important  factor.  This  view  was  later  held  by  Schleiden,* 
more  especially  in  regard  to  inorganic  elements  of  the  food. 

Darwin'  also  held  to  this  idea,  and  he  says  in  his  treatise  on  Plants 
and  Animals,  "  of  all  the  causes  which  induce  variability,  excess  of  food, 
whether  or  not  changed  in  nature,  is  probably  the  most  powerful." 

Alexander  Braun,*  an  earlier  writer  on  natural  history,  says  that 
"  it  appears,  rather,  on  the  whole  as  if  the  unusual  conditions  favorable 
to  a  luxuriant  state  of  development,  afforded  by  cultivation,  awakened  in 
the  plant  the  inward  impulse  to  the  display  of  all  those  variations  possi- 
ble within  the  more  or  less  narrowly  circumscribed  limits  of  the  species." 

These  statements  illustrate  the  feeling  of  the  earlier  writers  in  regard 
to  this  question.  It  is  only  within  the  last  few  years  that  we  have  care- 
fully planned  experiments  in  this  field.  These  are  few,  however,  and 
after  a  review  of  the  work  it  is  difficult  to  come  to  any  conclusion  as 
to  the  effect  of  nutrition.  Such  problems  lend  themselves  very  readily  to 
statistical  analysis,  and  it  is  worthy  of  note  that  the  experiments  along 
this  line  have  really  followed  the  development  of  the  statistical  methods 
as  applied  to  biology. 

DeVries°  has  added  to  our  knowledge  in  this  direction  by  some  of 
his  many  experiments.  In  a  study  of  Othonna  crassi folia  he  compare] 
plants  that  had  been  grown  in  dry  ground  under  glass  with  those  grown 
in  the  garden.  He  found  that  the  median  of  the  leaf  length  of  the 
greenhouse  plants  was  about  one-half  that  of  the  garden  plants.  The 
flower  parts  also  showed  a  difference,  for  the  number  of  ray-flowers 
per  head  was  twelve  in  the  greenhouse  as  compared  with  thirteen  in  the 
garden. 

In  his  "  Mutationstheorie,"  DeVries®  describes  some  experiments 
which  also  give  some  light  on  this  problem.  He  planned  his  experiments 
to  compare  the  effects  of  the  influence  of  nutrition  with  that  of  selection. 
De  Vries  studied  these  effects  on  the  length  of  the  fruit  of  Oenothera 
Lamarckiana  and  Oenothera  rubrinervis,  the  numberecol  (urffcQgl^  of 
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Anethum  graveolens  and  Coriandrum  sativum,  and  on  the  number  of 
1  ay-flowers  of  Chrysanthemum  segctum,  Coreopsis  tinctoria,  Bidens 
grandiAora,  and  Madia  elegans.  Pie  concludes  that  nutrition  and  selec- 
tion have  the  same  tendency,  and  that  by  positive  selection  and  increased 
food  supply  the  median  value  of  a  character  is  increased.  In  general, 
he  finds  that  the  variability  is  increased  when  negative  selection  acts 
with  good  nutrition. 

DeVries^  also  studied  the  effect  of  good  and  poor  soil  on  Papaver 
somniferum  polycephalum.  He  prepared  three  beds,  one  of  nearly  pure 
sand,  one  of  garden  soil,  and  one  of  richly  manured  soil,  and  sowed  the 
same  amount  of  seed  on  each.  Of  the  plants  on  the  manured  bed,  nearly 
one-half  showed  full  crowns  (stamens  changed  to  pistils),  of  those  on 
the  ordinary  soil  about  one-fifth,  while  of  those  on  the  sand  a  still  smaller 
proportion  showed  the  full  crowns. 

Weisse®  observed  the  eflfect  of  nutrition  on  certain  characters  of 
Helianthus  annuus  and  found  that  the  mean  of  the  character  studied  is 
larger  in  the  case  of  the  well-fed  plants.  The  number  of  individuals  was 
spiall,  which  makes  it  impossible  to  calculate  constants  of  any  value  from 
his  data. 

Reinohl*  studied  the  variability  of  the  number  of  stamens  of  Stellaria 
media  as  influenced  by  food  supply.  He  found  that  as  the  food  supply 
was  increased  the  median  value  of  this  character  was  increased,  and 
that  the  index  of  variability  was  less  on  the  poorly  fed  plants  than  it 
was  on  the  highly  fed  ones. 

MacLeod^*^  found  that  with  Centaurea  Cyanus  the  number  of  rays 
and  disk-flowers  was  larger  in  the  case  of  more  favorable  nutrition.  He 
studied  also  the  effect  of  nutrition  on  the  stigmatic  rays  of  Papaver 
Rhoeas  cocctneum  aureum.  In  the  case  of  the  poorly  fed  plants  the 
median  was  found  to  be  smaller,  but  the  variability  was  greater  than  in 
the  well-fed  plants. 

Miss  Tammes^^  has  given  us  the  first  extensive  work  along  this  line. 
She  studied  different  characters  for  a  number  of  species  that  were  grown 
under  very  different  conditions.  The  plants  were  grown  on  sand  soil 
and  on  soil  that  had  been  fertilized  with  hornmeal  at  the  rate  of  one- 
half  kilogram  per  square  meter.  By  sowing  part  of  each  lot  of  seed  on 
the  sand  and  part  on  the  highly  fertilized  soil  and  taking  notes  and 
measurements,  she  was  enabled  to  study  statistically  the  effect  of  good 
and  poor  nutrition.  Miss  Tammes  had  under  observation  the  following : 
Iberis  Amara,  Anethum  graveolens,  Scandix  Pecten-Veneris,  Malva  vul- 
garis, Ranunculus  arvensis,  and  Cardamine  hirsuta.  Such  characters  as 
length  of  plant,  length  of  leaf,  number  of  lobes  in  the  first  leaf,  number  of 
akenes,  etc.,  were  studied,  and  the  effect  of  food  supply  on  the  median 
and  variability  was  noted.    The  median  showed  an  increase  in  thirteen 
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out  of  fourteen  cases,  due  to  good  nutrition.  With  respect  to  the  vari- 
ability the  results  do  not  follow  in  such  a  close  manner,  for  in  some 
cases  there  is  an  increase  and  in  others  a  decrease.  The  variability  in- 
creased in  only  six  cases  out  of  fourteen.  All  characters  are  not  acted 
upon  alike,  and  in  some  species  by  increasing  the  food  supply  one  char- 
acter may  be  made  more  variable  and  another  less  as,  for  example,  is  the 
case  with  Iberis  amara,  in  which  the  variability  of  the  length  of  plant  is 
increased  with  nutrition  while  that  of  the  length  of  leaf  is  not. 

In  a  later  investigation  on  the  flax  Miss  Tammes^^  studied  the  effect 
of  thin  and  thick  stand,  together  with  good  and  poor  soil,  upon  the  vari- 
ability and  also  upon  the  correlation  coefficient.  She  concludes  that 
where  the  conditions  of  growth  are  favorable  because  of  either  better 
nutrition  or  greater  distance  of  planting,  the  variability  becomes  less. 
Where  the  conditions  are  most  favorable  or  most  unfavorable,  the  vari- 
ability of  a  character  is  least.  The  median  of  a  vegetative  character, 
such  as  length  of  stem,  is  much  more  sensitive  to  soil  influence  and  dis- 
tance of  planting  than  that  of  a  character  of  the  fruit  or  seed  (generative 
organs).  The  number  of  seed  in  the  fruit  shows  greater  sensibility  to 
soil  and  distance  of  planting  than  the  diameter  of  the  fruit  and  the  length 
and  breadth  of  the  seed.  Miss  Tammes  found  the  correlation  coefficient 
to  be  influenced  greatly  by  the  growth  conditions.  For  the  characters 
studied  the  correlation  coefficient  was  greatest  on  the  poor  soil. 

Jennings^^  in  his  study  on  the  variation  in  Paramecium,  found  in 
some  instances  an  increase  in  the  coefficient  of  variability  and  in  others  a 
decrease.  He  says,  **  The  effects  on  the  coefficient  of  variability  of 
changes  in  nutrition  vary  much  in  different  cases;  increased  nutrition 
sometimes  increases  the  coefficient,  sometimes  decreases  it,  sometime^ 
produces  first  one  effect,  then  the  other.  There  are  evident  physiological 
reasons  for  the  different  effects." 

Davenport,^*  in  some  experiments  conducted  at  the  Illinois  Experi- 
ment Station,  studied  the  variability  of  the  following  characters  of  the 
car  of  corn  as  influenced  by  food  supply :  length,  weight,  circumference 
and  number  of  rows  of  kernels  on  the  ear.  Samples  were  taken  from 
plots  that  had  received  very  different  treatment  with  respect  to  plant 
food.  The  plots  were  all  planted  with  the  same  number  of  kernels  per 
hill  except  two,  so  that  the  stand  was  very  uniform  throughout  the  series. 
Davenport  concludes  that,  "  In  general  these  figures  show  that  increased 
fertility  results  in  an  increase  in  both  length  and  circumference  and  at  a 
rate  fairly  uniform  with  each  other  and  with  the  increased  yield.  As 
would  be  expected  fertility  has  no  effect  upon  the  number  of  rows.*'  He 
concludes,  in  general,  that  the  variability  is  not  increased  very  markedly 
by  fertility.  In  fact,  as  a  rule  the  coefficient  of  variability  is  less  on  the 
better  fertilized  plots  than  on  the  check  or  untreated  plot     If  we  take 
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the  average  of  the  standard  deviation  of  the  eight  treated  plots,  omitting 
plot  number  ten,*  and  compare  with  that  of  the  untreated  plot,  there  is 
an  increase  in  three  out  of  eight  cases  due  to  nutrition,  while  the  others 
show  a  decrease. 

MATERIAL  AND  METHODS  USED  IN  THE  PRESENT  STUDIES 

The  materials  used  for  the  present  studies  were  two  generations  of 
peas,  two  varieties  of  buckwheat  and  corn.  These  were  grown  under 
very  different  conditions. 

The  experiments  on  peas  were  conducted  in  the  following  man- 
ner. A  series  of  three  plots  was  arranged  thus:  in  the  first  the  soil 
was  dug  out  to  the  depth  of  one  foot  and  filled  with  sand,  the 
sides  of  the  plot  being  lined  with  boards  to  separate  the  sand  from 
the  surrounding  soil ;  the  second  was  of  ordinary  garden  soil  without 
treatment;  the  third  was  of  the  same  soil,  fertilized  with  farm  manure 
at  the  rate  of  about  one  hundred  tons  per  acre  and  acid  phosphate  at 
about  nine  hundred  pounds  per  acre.  The  test-ground  is  in  a  rich  valley 
and  had  been  in  alfalfa  some  time  previous  to  the  experiment,  so  that  the 
ordinary  soil  was  very  fertile.  The  following  table,  showing  the  analyses 
of  these  soils,  will  serve  to  show  the  relative  amounts  of  fertility.  The 
analyses  were  very  kindly  furnished  by  Prof.  G.  W.  Cavanaugh  of  the 
Department  of    Chemistry  in  Cornell  University. 

Table  i. —  Showing  Analyses  of  Soil  from  the  Three  Plots 

Ordinary         Manured 
Sand  soil  plot 

K,0   29%  .57%  ^7(i% 

PjOb    125  .275  .35 

N   03  .28  .44 

Organic  matter i .66  10.40  15.20 

Acidity! Alk.  15.00  20.00 

Moisture    .13  i-8o  2.57 


Peas  of  an  early  variety  were  sown  on  these  plots.  The  seed  was 
not  a  pure  line  but  was  bought  from  a  seed  firm  and  was  fairly  uniform. 
The  plots  were  all  seeded  the  same  day  and  the  seed  was  sown  the  same 
distance  apart  each  way  on  all  of  the  three  plots.  They  were  cul- 
tivated in  very  nearly  the  same  manner  so  that  there  was  very  little 
difference  in  that  respect,  save  that  the  plants  on  the  sand  did  not  re- 
ceive so  much  cultivation.  The  plots  were  close  together  so  each 
received  the  same  amount  of  rain,  sunshine,  etc. 

*  Plot  number  10  was  damaged  so  that  the  data  is  not  comparable  with  the  other 

plots. 

tThe    acidity     number   is   the   number    of    cc.    of    N/20   Ca(OH)a   required    to 

neutralize  the  acidity  of  10  grams  of  the  soil.  C^  r^r^^Ar^ 
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The  second  generation  was  grown  in  the  greenhouse  in  pots.  The 
pots  were  filled  with  soil  from  the  different  plots  and  set  upon  a  bencli 
in  the  greenhouse.  They  were  all  watered  and  cared  for  the  same 
so  that  the  growth  conditions  were  practically  uniform  with  the  ex- 
ception of  the  food  supply.  Each  plot  was  planted  with  seed  harvested 
from  that  plot  the  generation  before,  so  that  peas  grown  on  the  sand 
plot  were  planted  on  the  sand,  and  so  on. 

The  varieties  of  buckwheat  studied  were  the  Japanese  and  the  Silver 
Hull.  One  lot  of  seed  of  each  variety  was  sown  in  the  valley  men- 
tioned above  but  a  little  distance  removed  from  the  pea  plots,  while 
the  other  was  planted  on  Dunkirk  Clay  loam  at  a  somewhat  higher 
elevation  and  at  a  distance  of  about  one-half  mile  from  the  valley. 
Such  conditions  made  considerable  difference  in  the  environment,  and 
the  fertility  of  the  two  fields  was  quite  different.  The  following  table 
will  show  the  relative  fertility  of  the  two  soils : 

Table  2. —  Showing  Analyses  of  Soil  from  Farm  and  Garden  Plots 

K,0  

P,0.  

N 

Organic  matter 

Acidity   

Moisture 

The  phosphorus  was  practically  the  same  for  the  two  fields,  and 
the  garden  soil  contained  less  potassium  than  the  farm  soil.  There  was 
considerable  difference  in  the  nitrogen  content  and  organic  matter  of 
the  soils,  the  garden  soil  being  richer  in  each. 

The  data  on  corn  was  furnished  by  Dr.  Webber  from  his  corn- 
breeding  plot  at  Ballston  Lake,  N.  Y.  The  plot  was  planted^ by  the 
ear-to-row  method,  part  of  the  rows  being  on  fertilized  soil  and  part 
on  unfertilized.  The  numbers  were  of  necessity  small,  and  as  the 
plot  was  planted  by  the  ear-to-row  method  the  author  recognizes  that 
there  is  some  objection  to  it.  This  data  would  not  be  presented  unless 
accompanied  by  other  data  which  shows  in  general  the  same  results. 

The  methods  used  for  the  determination  of  the  different  constant? 
are,  in  general,  those  outlined  by  C.  B.  Davenport^'*  and  which  have 
been  so  well  explained  by  E.  Davenport**^.  Instead  of  the  long  method 
for  determining  the  standard  deviation  the  following  formula  was  used: 


Farm 

Garden 

'43% 

.3^% 

.31 

.30 

.13 

.22 

5.56 

8.30 

15.00 

20.00 

I. CO 

1.22 

D.=      yj-^ C 


In  which  D  represents  the  deviation  from  the  assumed  mean  and 
C  the  correction  for  the  true  mean,  or  the  difference  betw^een  the 
assumed  mean  and  the  true  mean. 
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The  shorter  method  for  determining  the  coefficient  of  correlation, 
which  has  been  suggested  by  Yule^^,  was  used  rather  than  that  given 
by  Duncker^*.    Yule's  formula  is 

1 


'=   (i-i^-c.) 


The  symbols  used  by  E.  Davenport^"  are  here  used,  in  which 
Di,  D2  are  deviations  from  our  guesses  at  the  mean  instead  of  devia- 
tions from  the  mean  itself;  and  Ci,  Cj  are  the  corrections  for  the 
guesses  at  the  mean;  n,  the  number  of  individuals,  and  ^i  and  (To,  the 
standard  deviations  of  the  subject  and  relative  classes  respectively. 

In  making  the  calculations  for  the  various  constants  use  was  made 
of  Barlow's  Tables,  Thatcher  calculating  instrument,  Millionaire  calcu- 
lating machine,  and  Burroughs  adding  machine.  The  author  feels  that 
with  the  aid  of  these  machines  and  by  a  triple  checking  of  the  work, 
the  errors  that  may  occur  will  in  no  large  measure  affect  the  constants. 


THE  STUDIES  WITH  PEAS 

FIRST  GENERATION 

The  plots  on  which  the  peas  were  planted  were  of  necessity  small, 
and  therefore  the  number  of  individuals  in  each   case  is  not  large. 


Fig.  206.    Showing  peas  growing  on  the  sand  plot,  first  generation. 

The    writer  feels,  however,  that  they  express  the  f acfe^''fJ)^i^  We 
tions  in  a  fairly  satisfactory  manner. 
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The  following  characters  were  studied:  height  of  plant,  number  of 
internodes,  number  of  pods,  number  of  peas,  yield,  average  length  of 
internodes,  average  number  of  peas  per  pod,  and  average  weight  of 
seed.  The  length  was  measured  in  centimeters  and  was  made  very 
carefully,  the  measurements  being  taken  from  the  base  of  the  first 
internode  to  the  top  of  the  main  stem.  The  readings  were  made  to 
one-tenth  of  a  centimeter.  The  weight  of  peas  was  taken  in  grams, 
the  readings  being  made  to  .005  gram.  The  weights  were  made  on 
a  torsion  balance. 

The  curves  that  will  be  shown  for  the  different  characters  of  peas 
and  buckwheat  are  plotted  on  the  percentage  basis.  This  is  done 
because  of  the  difference  in  the  number  of  individuals  from  the  dif- 
ferent plots.  The  frequencies  of  each  plot  are  calculated  on  the  per- 
centage basis  and  are  thus  plotted  so  that  each  curve  is  exactly  com- 
parable with  the  others.  All  of  the  constants,  as  well  as  the  probable 
errors,  have  been  calculated  to  the  third  decimal  place  for  the  sake  of 
uniformity. 


Fig.  207.     View  of  peas  growing  on  manured  ploi,  first 
generation. 

The  illustrations  given  (Figs.  206,  207,  209,  210  and  211)  show  tha* 
there  was  a  remarkable  difference  in  the  appearance  of  the  plants  on  the 
different  plots. 

Height, —  The  height  measurements  were  taken  in  centimeters  as 
stated  above.     The  range  in  classes  is  very  different  in  the^three  plots, 


Studies  of  Variation  in  Plants 


6oi 


being  from  7-23  centimeters  on  the  sand,  15-79  centimeters  on  the 
untreated  plot,  and  23-91  centimeters  on  the  fertilized  plot.  The  con- 
stants for  this  character  are  shown  by  Figure  212  and  Table  3. 


Table  3. —  Showing  Variation   in   Height  of  Peas  on   Plots  of 
Different  Fertility.    First  Generation 

One  unit  =  one  centimeter 

Sand  Ordinary  Manured 

plot  soil                      plot 

.>Jumber   251  286  257 

.viode   15  43  47 

Mean    14777  41.042  49-490 

x^.  E.  of  mean ~.i45  —-429  ±-456 

Stand.  Dev 3399  10.744  10.831 

P.  E.  of  Stand.  Dev ± .  102  ±  .303  ±322 

Coef.  of  Var 23.002  26.178  21.885 

P.  E.  of  C ±.728  ±.787  ±.682 


By  inspection  of  the  curves  and  table  we  see  that  the  type  of  the 
plant  with  respect  to  height,  as  indicated  by  both  the  mode  and  the 
mean,  increases  very  markedly  with  the  nutrition.     Beginning  with  the 


Fig.  208.     Showing  types  of  branchitig  and  non-branching 
pea  plants. 

sand  plot,  the  mode  increases  from  15  to  43  centimeters  on  the  ordinary 
soil  and  to  47  centimeters  on  the  fertilized  plot.  Again,  the  mean 
increases  from  14.777^.145  centimeters  to  41.042^.429  and  49.490=^ 
.456  centimeters  respectively.  This,  we  see,  is  in  accordance  with  the 
general  observations  in  such  work.  The  standard  deviation  also  increase|^ 
with  the  mean,  being  3.399db.i02  on  the  sand  and   10.74411=  303  anSd 
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10.831  ±.322  on  the  ordinary  and  manured  plots,'  respectively.  This 
increase  is  very  much  more  marked  between  the  sand  and  the  ordinary 
plots  than  between  the  ordinary  and  the  manured  plots,  the  difference 
between  the  standard  deviation  on  the  fertilized  plot  and  that  on  the 
untreated  plot  being  less  than  the  probable  error. 

When  we  compare  the  coefficients  of  variability,  we  find  very  dif- 
ferent results.     The  coefficient  of  variability  is  higher  on  the  ordinary 


1 

1 

^^^^^B   H^^^A  v^^^H     Jb^Ks 

Fig.  209.    Showing  peas  growing  on  the  sand  and  the  ordinary  soil  in  pots,  second 

generation. 

plot  than   on   the   sand   or   the    fertilized   plot,   being   smallest   on    the 
fertilized  plot. 

Another  comparison  that  is  very  interesting  in  this  connection  is 
that  showing  the  amount  of  branching.  As  the  food  supply  becomes 
greater  the  tendency  to  branch  increases;  that  is,  it  seems  that  the 
plant  makes  up  part  of  the  height  by  producing  more  branches. 


Table  4. —  Showing  Branching  Tendency  of  Peas  When  Grov^n 
ON   Plots  of  Different  Fertility 

No.  of      No.  branched  Total  no. 
Plot                                                                                                           plants            plants         of  branches 

Sand    251                    o  0 

Ordinary    plot    286                   37  51 

Manured  plot    257                 123  239 


By  this  table  we  see  that  there  were  no  branched  plants  on  the 
sand,  only  a  few  showed  branches  on  the  ordinary  soil,  and  nearly 
half  of  the  plants  on  the  fertilized  plot  were  branched.  It  seems  prob- 
able that  if  we  had  total  height  as  represented  by  the  length- pf^^]]^e 
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branches  there  would  be  very  much  greater  variability  on  the  fertilized 
plot  than  the  standard  deviation  or  coefficient  of  variability  now  shows 
and  the  range  of  variability,  of  course,  would  be  very  much  greater. 

Figure  208  shows  types  of  branching  and  non-branching  pea  plants. 

\Internodes. —  The  variation  in  the  number  of  internodes  from  the 
vines  from  these  same  plots  isv  shown  by  Figure  213  and  Table  5.  The 
internodes  of  the  main  stem  were  counted  in  each  case  and  not  those 


Fig.  210.    Showing  early  stages  of  peas  from  the  sand,  ordinary,  and  manured  plots 
of  the  second  generation.     Two  pots  from  each  plot. 

of  the  branches.  We  see  that  the  range  in  number  of  internodes  is 
from  7  to  13  on  the  sand,  9  to  22  on  the  ordinary  soil,  and  8  to  23 
on  the  fertilized  plot.  The  range,  as  the  figures  show,  is  much  greater 
on  the  fertilized  plot.  The  number  of  classes  in  each  case  is  7,  14,  and  16 
respectively. 

Table(  5. —  Showing  Variation  in  the  Number  of  Internodes  of 
Peas  Grown  on  Plots  of  Different  Fertility.  First  Genera- 
tion 


One  unit  =  one  internode 


Sand 
plot 


Number    251 

Mode   9&11 

Mean   9 


Ordinary 
plot 

286 


Manured 
plot 

257 


936     ^^^^^^^fe&^^i. 
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Sand 

P.  E.  of  mean ±  .057 

Stand.  Dev i  .328 

P.  E.  of  Stand.  Dev ±  .040 

Coef.  of  Var 13.366 

P.  E.  of  C ±.409 


Ordinary 

soil 


2.239 
±.063 
15.449 
±.446 


Manured 
plot 

z*z,  no 

2. 611 
±.078 
17-654 

:t.54i 


From  the  table  we  see  that  there  is  a  gradual  increase  in  both  the 
mean  and  the  mode.  The  increase  in  the  mean  is  very  marked  as  we 
pass  from  the  sand  plot  to  the  ordinary  soil,  being  9.936^1.057  on  the 
sand  and  14.493 ±.089  on  the  ordinary  soil  plot.     The  increase  of  the 


Fig. 


211.    Showing  stages  of  peas  from  the  sand,    ordinary,   and  manured  plots 
of  the  second  generation.     Two  pots  from  each  plot. 


fertilized  plot  over  the  ordinary  soil  plot  is  not  so  great,  being  14.790 
±.iio  on  this  plot,  or  only  .297  greater  than  the  ordinary  soil  plot.  The 
standard  deviation  increases  gradually  as  the  nutrition  increases.  It  is 
almost  twice  as  great  on  the  fertilized  plot  as  on  the  sand  plot     The  00- 
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efficient  of  variability  likewise  increases  with  the  food  supply.  The  in- 
crease is  about  2  per  cent  in  each  case,  being  over  4  per  cent  higher  on 
the  highly  fertilized  plot. 

Average  length  of  internodes. —  The  next  character  to  be  considered 
is   that  of  the  average  length,  of  internodes.     This  is  obtained  by  divid- 
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Fig.  212.     Variation  in  height  of  peas  from  different  plots,     (First  generation.) 

ing  the  height  by  the  number  of  internodes.  These  values  are  expressed 
in  centimeters.  The  following  table  and  Figure  214  show  the  variability 
of  this  character: 


97 
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Table  6. —  Showing  Variation  in  Average  Length  of  Internodes 

OF  Peas  Grown  on  Plots  of  Different  Fertility.     First  Genera- 
tion 

One  unit  =  one  centimeter 

Ordinary  Mannred 

Sand                  plot  plot 

Number    251                 286  257 

Mode   1.375             2.625  3-125 

Mean   1.494             2.831  3-379 

P.  E.  of  mean ±.oii            ±.019  it.oai 

Stand.  Dev .268               .496  .5x0 

P.  E.  of  Stand.  Dev ±.008           ±.014  it. 015 

Coef.   or  Var 17-938           17. 520  15-0913 

P.  E.  of  C ±.557            ±.509  :t.459 


We  see  by  the  figure  arfd  table  that  in  this  character  the  mode  and 
mean  or,  in  other  words,  the  type,  increases  with  the  fertihty.  The 
mean  increases  from  1.494^.011  centimeters  on  the  sand  to  2.831^.019 
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Fig.  213.     Variation  in  number  of  internodes  of  peas  ffM^^Q^fff^^^^^  plo^^ 

(First  generation.) 
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on  the  untreated  plot  and  to  3.379=11.021  on  the  manured  plot.  The 
mean  is  more  than  twice  as  large  on  the  fertilized  plot  as  it  is  on  the 
sand  soil.  The  standard  deviation  increases  with' the  fertility,  but  the 
coefficient  of  variability  decreases  in  the  case  of  the  better  fed  plants. 
The  coefficient  of  variability  is  highest  on  the  sand  plot  and  decreases 
gradually,  being  lowest  on  the  manured  plot. 

Number  of  pods. —  The  next  character  to  be  considered  is  the  num- 
ber of  pods  per  plant,  which  is  shown  by  Figure  215  and  Table  7.  This 
count  was  made  to  include  all  the  pods  formed  and  not  merely  those 
containing  seeds.  The  range  in  the  number  on  the  three  plots  is  as 
follows:  from  o  to  2  on  the  sand  plot;  i  to  10  on  the  untreated  plot; 
and  I  to  13  on  the  highly  fertilized  plot. 


Cjbss  /r?  Cef7/?/7je^^ry, 

Fig.  214.     Variation  in  average  length  of  internodes  of  peas  from  different 

plots.    (First  generation.)  digitized  by  GoOglc 
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Fig.  215.     Variation  in  number  of  pods  per  plant  from  dii 

generation.) 
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Table  7. —  Showing  Variation  in  Number  of  Pods  for  Peas  Grown 

ON  Plots  of  Different  Fertility.    First  Generation 

One  unit  =  one  pod 

Sand  Ordinary          Manured 

plot  plot  plot 

Number    251  286  257 

Mode    I  2  4 

Mean   .956  3-420  5.090 

P.  E.  of  mean ±.009  ±.063  ±.104 

Stand.  Dev .223  1.588  2.464 

P.  E.  of  Stand.  Dev ±.007  ^.045  1^.073 

Coef.   of  Var 23.326  46.433  48.409 

P.  E.  of  C • ±.739  ±1.567  ±1.745 


We  see  that  the  type  represented  by  the  mode  or  the  mean  increases 
gradually  with  the  nutrition.  The  mode  is  at  one,  two  and  four  pods 
on  each  of  the  three  plots,  beginning  with  the  sand  plot.  The  mean 
increases  from  .9S6±:.oo9  on  the  sand  plot  to  3.420^  063  and  5.090^.104 
on  the  ordinary  and  highly  fertilized  plots.     The  standard   deviation 
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Fig.  216.     Variation  in  number  of  peas  per  plant  from  different  plots.     (First 

generation.) 


increases  very  greatly,  being  about  seven  times  greater  on  the  untreated 
plot  than  on  the  sand,  and  nearly  twelve  times  greater  on  the  manured 
plot  than  on  the  sand.  The  coefficient  of  variability  also  increases  very 
markedly  on  the  untreated  soil  over  the  sand  soil,  being  nearly  twice  as 
large  on  the  untreated  plot.  There  is  a  very  noticeable  increase  jn  the 
case  of  the  highly  fed  plants  over  those  from  ordinary  soil.  ^^glC 
20 
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Number  of  peas, —  The  variation  in  the  number  of  peas  per  plant 
on  the  ordinary  and  the  fertilized  plots  is  shown  by  Figure  216  and 
Table  8.  The  range  is  very  great,  being  from  i  to  33  peas  per  plant 
on  the  ordinary  soil  and  from  i  to  44  on  the  fertilized  plot.  In  order 
to  make  the  curves  smoother,  the  classes  were  doubled  in  the  following 
manner.  All  of  those  having  i  and  2  peas  were  classed  as  1.5,  those 
having  3  and  4  as  3.5,  etc.  This  was  done  on  both  plots,  so  both  are 
exactly  comparable. 
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Fig.  217.    Variation  in  average  number  of  peas  per  pod  from 
different  plots,    (First  generation,) 
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Ordinary 

Manured 

plot 

plo 

286 

243 

5.5 

15.5 

10.493 

16.496 

±.220 

±.375 

5.508 

8.661 

±.155 

±.265 

52.492 

52.504 

±1.843 

±2.001 
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Table  8. —  Showing  the  Variation  in  the  Number  of  Peas  per 
Plant  Grown  on  Plots  of  Different  Fertility.  First  Genera- 
tion 


Number 

Mode  

Mean  

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev. 

Coef.  of  Var 

P.  E.  of  C 


The  mode  and  the  mean  increase  greatly  with  the  food  supply. 
The  mode  increases  faster  than  the  mean.  The  standard  deviation 
increases  very  markedly,  yet  the  coefficient  of  variability  shows  very 
little  increase.  The  great  increase  in  the  mean  in  the  case  of  the  highly 
fed  plants  is  the  cause  for  the  slight  increase  in  the  coefficient  of  varia- 
bility. The  curve  for  the  untreated  plot  shows  a  very  decided  skewness, 
while  the. one  for  the  fertilized  plot  is  not  nearly  so  marked. 

Average  number  of  peas  per  pod, —  From  the  data  giving  the  number 
of  pods  and  the  number  of  peas,  the  average  number  of  peas  per  pod 
has  been  calculated  for  the  ordinary  and  the  manured  plots.  This 
was  done  by  dividing  the  number  of  peas  per  plant  by  the  total  number 
of  pods  per  plant.  The  results  for  this  character  are  shown  below 
(Figure  217,  Table  9)  : 

Table  9. —  Showing  Variation  in  Average  Number  of  Peas  per 
Pod  on  Peas  Grown  on  Plots  of  Different  Fertility.  First 
Generation 

Ordinary  Manured 

plot  plot 

Number   286  243 

Mode   2.75  2.75 

Mean 2 .  930  3  •  1 59 

P.  E.  of  mean ± -034  ± .040 

Stand.  Dev .856  .915 

P.  E.  of  Stand,  Dev ±.024  ±.028 

Coef.  of  Var 29.215  28.965 

P.  E.  of  C ±.891  ±.958 


We  see  that  the  mode  of  the  two  plots  is  the  same,  while  the  mean 
IS  higher  in  the  case  of  the  well  fed  plants.  The  standard  deviation 
increases  slightly  with  the  nutrition,  but  the  coefficient  of  variability 
decreases.  C"r\r\n}o 
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■,VM.-The  variation  in  y.eW  is  sho^^■n  ^>  -»"';- ^he  readings 
xa  The  .eight,  were  made  on  a  tor.ton  b  an  and  ^^^^^^^ 
were  .nadc  within  .c»5  S^zu^'  ^^'^  '^'''  '^^'^  ^,^^  needed  with 
arranged   so  that  they   differed  by    i    gram      ^^'s  uas   nee 

the  c'rop.  from  the  ordinary  and  f";'^-^^^^,,^;^'^^^  untreated 
is  so  great.  The  range  is  from  2^5  t«  6880  "^  "^8'"^^'^^^^^^^^  .^,,^  The 
plot  and  from  470  to  io,075  mvlhgrams  on  the  fa Ulued  po    ^^^^^ 

^^(TTTn 


^  3  ^ 

Fig.  218.     y  a  nation  in  yield  of  peas  from  different  p  hints. 


(First  gcHcru 


size  of  the  classes  caused  all  of  the  indivirluals  on  the  sand  plr>t 
into  one  class,  since  the  range  is  small,  being  between  40  and  (.V)0 
grams.      We   readily   see   that  the   range   is  very   mnch   greater 
other  plots.     The  classes  are  made  as  follows :    all  individuals  wc? 
between  o  and  1000  niilligrams  are  put  into  the  .5  gram  class,  ail  betv 
1000  and  2000  milligrams  in  the  1.5  gram  class,  etc 

Table  10. —  Showing  X'ariation  in  the  Yield  of  Pea.s  Grow  is: 
Plots  of  Different  Fertility,     First  Generation 

Sand 
plot 

Number   233 

Mode  .5 

Mean   .5 

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev 

Coef .  of  Var 

^.  E.  of  C 


Ordinary 

plot 


2.5 
2.349 
±.046 

1. 154 

±033 

49.127 

±1.693 


Manured 
plot 

233 

3-642 
db.087 

1.974 

zb  .062 

54.201 

±2.134 
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The  mode  increases  from  .5  grams  on  the  sand  to  2.5  on  both  the 
ordinary  and  the  manured  plots.  The  mean  increases  very  gradually 
with  the  treatment.  The  standard  deviation  and  the  coefficient  of 
variability  both  increase  with  the  amount  of  food  supply.  The  coeffi- 
cients of  variability  are  both  very  large,  as  the  tendency  is  to  wander 
from  the  mean.  The  modes  are  not  very  well  pronounced  in  either  case. 
Both  curves  are  skew,  which  follows  the  same  tendency  as  in  the  number 
of  peas. 
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Fig.  219.     Variation  in  average  weight  of  peas  from  different 
'   plots,     (First  generation.) 

'^rmge  weight  of  seed, —  From  the  data  giving  yield  per  plant  and 

\mber  of  peas  per  plant,  the  average  weight  of  seed  has  been 

ted.     This  was  done  by  dividing  the  yield  per  plant  in  milligrams 

total  number  of  seed  per  plant.    The  average  weight  is  expressed 

ligrams  and  fractions  of  a  milligram.    The  results  are  shown  in 

a  219  and  Table  ii.  Digitized  by  GoOglc 
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Table    ii. —  Showing    Variation    in    Average  Weight    of     Peas 
Grown  on  Plots  of  Different  Fertility.     First  Generation 

One  unit  =  one  milligram 

Sand  Ordinary  Maniued 

plot  plot  plot 

Number   232  284  231 

Mode    87.5  237.5  212.5 

Mean   111.315  229.489  218.994 

P.  E.  of  mean ±1.580  ±1.457  ±^  1-593 

Stand.  Dev 35-677  36-393  35-903 

P.  E.  of  Stand.  Dev ±1.117  ±1.030  ±11.127 

Coef.  of  Var 32.050  15858  16.395 

P.  E.  of  C ±1.102  ±.460  It. 528 


Here  the   conditions   are   different   from  the  preceding  tables.      In 
regard  to  this  character,  the  type  as  represented  by  the  mode  or  the 
mean    increases   with   nutrition    from    the   sand   to   the   ordinary    soil 
plot,  but  decreases  again  on  the  fertilized  plot.     This  shows  that  the 
increase  in  yield  on  the  fertilized  plot  over  the  others  is  not  due  to 
a  larger  or  heavier  seed,  but  to  a  greater  number  of  them,  as  we  see 
by  observing  the  data  giving  the  average  number  of  peas  per  plant. 
This  data  shows  that  the  average  number  of  peas  per  plant  is  much 
larger  on  the  fertilized  plot.     When  we  study  the  standard  deviation 
expressed  in  milligrams,  we  see  that  the  standard  deviation  is  highest 
on  the  ordinary  plot  and  lowest  on  the  sand  plot,  although  the  difference 
is  not  very  marked,  being  less  than  the  probable  error.     The  coeffi- 
cient of  variability,  on  the  other  hand,   is  largest  on  the  sand   plot, 
next  on  the  fertilized,  and  lowest  on  the  ordinary  plot.     Thus  we  see 
that  with  this  character  there  is  no  regular  order  followed. 

The  great  variation  on  the  sand  plot  may  be  explained  in  part  by 
the  fact  that  the  vines  on  the  sand  plot  produced  only  one  pea  per 
plant  as  a  rule,  and  we  are  thus  dealing  with  the  yield  of  the  entire 
plant  in  most  of  the  individuals.  It  is  really  more  satisfactory  to 
compare  the  ordinary  and  the  fertilized  plots,  omitting  the  sand  plot  in 
this  case. 

PEAS  —  second  generation 

The  second  generation  was  grown  in  pots  in  the  greenhouse,  as 
stated  above.  The  number  of  individuals  was  small,  being  from  loi  to 
112  in  the  three  plots.  The  same  characters  were  observed  and 
similar  data  taken.  These  peas  were  all  injured  to  some  extent  by 
fumigation  with  potassium  cyanide  and  sulfuric  acid,  but  the  author 
estimates  all  were  injured  to  about  the  same  extent  so  that  the, plots 
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are  comparable.  The  pods  were  forming  well  at  the  time  and  some 
of  them  never  filled  out  because  of  this  injury.  The  constants  may 
thus  be  affected  to  some  extent. 

The  classes  for  this  lot  of  data  have  been  made  of  the  same  magni- 
tude as  those  of  the  preceding  generation,  with  the  exception  of  yield, 
which  is  much  smaller,  and  the  classes  are  of  less  magnitude.  Often  the 
curves  would  have  been  smoother  had  the  classes  been  arranged  dif- 
ferently, but  the  author  considered  that  for  the  sake  of  uniformity 
and  for  the  making  of  exact  comparisons  they  should  be  the  same  for 
each  generation.  The  results  from  these  observations  will  be  given 
in  the  following  paragraphs. 

Height, —  The  peas  all  grew  taller  in  the  greenhouse  than  on  the 
plots  out  of  doorsr  This  was  due  to  the  better  conditions  as  to  moisture, 
temperature,  and  the  like.  The  results  for  the  height  are  given  in 
Table  12. 

Table   12. —  Showing   Variation   in   Height  of   Peas   Grown   on 

Plots  of  Different  Fertility.     Second  Generation 

One  unit = one  centimeter 


Number  

Mode  

Mean   

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev. 

Coef.  of  Var 

P.  E.  of  C 


The  mode  and  the  mean  increase  very  markedly  as  we  pass  from 
one  plot  to  another.  The  increase  is  much  greater  on  the  ordinary  plot 
over  the  sand  than  it  is  on  the  manured  plot  over  the  ordinary.  The 
standard  deviation  increases  very  gradually  with  the  food  supply,  but 
the  coefficient  of  variability  does  not.  This  constant  is  lowest  on  the 
highly  fertilized  plot  and  highest  on  the  sand  plot.  Because  of  the 
lower  mean,  the  coefficient  is  much  higher  on  the  sand  plot  than  on 
either  of  the  other  plots.  It  is  possible  that  if  the  number  of  individuals 
were  increased  in  each  case  the  c6nstants  would  be  changed. 

Internodes. —  The  number  of  internodes  was  counted  in  the  same 
manner  as  in  the  first  generation  series.  The  range  is  from  6  to  19 
on  the  sand  plot,  11  to  22  on  the  untreated  plot,  and  11  to  23  on  the 
manured  plot.    The  results  for  this  character  are  sho\^^|t^d'^!^@OOgle 


Sand 

Ordinary 

Manured 

plot 

plot 

plot 

112 

119 

lOI 

31 

55 

83 

29.679 

63.036 

76.584 

±.627 

±.790 

±.909 

9.833 

12.282 

13.545 

±'443 

±.559 

±.643 

33.131 

19.484 

17.686 

±1.648 

±.919 

±.865 
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Table    13. —  Showing   Variation   in   the   Number  of   Intkrxodes 

OF    Peas    Grown    on    Plots    of    Different    Fertility.  Second 

Generation  r^  -.  .  , 

One  unit  =  one  internode 

Sand  Oftiuiuy  KssBrei 

plot  plot  plot 

Number 112  no  loi 

Mode 13  16  18 

Mean   13.500  16.509  I7.V50 

P.  E.  of  mean ±.120  ±.130  it.  150 

Stand.  Dev 1.876  2.026  2.231 

P.  E.  of  Stand.  Dev ' ±.085  ±.092  di.iot* 

Coef.   of   Var 13.896  12.272  12.420 

P.  E.  of  C ±.638  ±.566  =b.599 


The  mode  and  the  mean  increase  as  the  food  supply  is  increased. 
The  mode  increases  from  13  to  16  and  18  on  the  ordinary  and  the 
manured  plots  respectively.  The  mean  increases  from  1 3.500 -»-.i^o  to 
16.509d1.130  and  17.950Ht.150  on  the  other  plots.  The  standard  de- 
viation increases  about  the  same  as  we  pass  from  one  plot  to  another. 
being  1.876^.085,  2.026^.092,  and  2.231^.106  on  the  three  plots,  re- 
spectively. The  coefficient  of  variability  does  not  follow  in  the  same 
manner.  It  is  highest  on  the  sand  plot  and  lowest  on  the  ordinary  soil. 
The  difference  between  the  coefficient  of  variability  on  the  ordinary 
and  the  manured  plots  is  not  very  great.  The  coefficient  for  the  three 
plots  is  13.896^ .638,  12.2721t.566  and  12.429Hb.599,  respectively. 

Average  length  of  iniernodes, —  The  average  length  of  intemodes 
was  determined  for  the  second  generation  in  the  same  manner  as  for  the 
first.  The  internodes  are  longer  in  the  second  generation  plants.  This 
is  due  to  the  fact  that  the  height  has  been  increased  in  greater  pro- 
portion than  the  number  of  internodes.  The  results  for  this  character 
are  given  in  Table  14. 

Table  14. —  Showing  Variation  in  the  Average  Length  of  Inter- 
nodes IN  Peas  Grown  on  Plots  of  Different  Fertility.  Skconi? 
Generation 

One  unit  ==  one  centimeter 

Sand  Ordinary  Manured 

plot  plot  plot 

Number  H2  no  loi 

Mode 2.125   3.625&4.12S  4.375 

Mean 2.170  3.809  4.250 

P.  E.  of  mean ±.036  ±.033  it. 034 

Stand,  of  Dev 563  -513  .508 

P.  E.  of  Stand.  Dev ±.025  ±.023  di.024 

Coef.  of  Var 25.945  13. 468  11 .928 

P.  E.  of  C ±1.245  ?^^^.       i-574 
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The  type  as  shown  by  the  mode  or  the  mean  increases  very  markedly 
as  the  food  supply  is  increased.  The  means  are  much  larger  in  the 
case  of  these  plants  than  of  those  grown  in  the  garden.  The  standard 
deviation  does  not  increase  with  the  nutrition  in  the  regular  manner, 
but  exactly  opposite,  for  it  is  lowest  on  the  highly  fertilized  plot.  The 
coefficient  of  variability  follows  in  just  the  same  relation,  being  much 
higher  on  the  sand  plot  than  the  other  plots,  although  there  is  a  con- 
siderable difference  between  the  ordinary  and  the  manured  plots. 

Number  of  pods, —  The  data  for  the  number  of  pods  differed  ir 
range  from  that  of  the  same  character  in  the  first  generation.  The 
range  for  the  first  generation  was  o  to  2,  i  to  10  and  i  to  13  pods  on 
each  of  the  three  plots,  while  the  range  for  the  second  generation  was 
I  to  4,  I  to  7  and  i  to  9  on  the  three  plots.  The  sand  plot  showed 
a  gain  over  the  first  generation  in  number  of  pods  per  plant  while  the 
other  plots  showed  a  loss.  The  gain  in  the  sand  plot  was  probably  due 
to  the  fact  that  the  moisture  conditions  were  very  favorable  to  good 
growth  in  the  second  generation,  while  the  sand  plot,  during  the  first 
generation,  was  very  dry.  The  data  for  this  character  is  given  in 
Table  15. 

Table  15. —  Showing  Variation  in  the  Number  of  Pods  per  Plant 

OF    Peas    Grown    on    Plots    of    Different    Fertility,    Second 

Generation  an  -.  j 

One  unit  =  one  pod 

Sand  Ordin&ry  Manured 

plot  plot  plot 

Number  112  no  loi 

Mode  2  2  S 

Mean   1.670  3.082  3-990 

P.  E.  of  mean ±.041  ±.089  ±.iiS 

Stand.  Dev .646  1.383  1.715 

P.  E.  of  Stand.  Dev ±.029  ±.063  ±.o8i 

Coef.  of  Var 38.683  44-873  42.982 

P.  E.  of  C ±1.987  ±2.416  ±2.387 


The  mode  remains  the  same  for  the  sand  and  the  ordinary  plots, 
but  increases  very  much  in  the  highly  fertilized  plot.  The  mean  in- 
creases gradually  from  the  poorly  fed  to  the  highly  fed  plants.  The 
standard  deviation  also  increases  very  gradually  as  we  pass  from  the 
sand  plot  to  the  manured  plot.  The  standard  deviation  is  .646Hh-029, 
1.3831^.063,  and  i.7i5±:.o8i  for  the  three  plots.  The  coefficient  of 
variability  increases  with  nutrition  on  the  ordinary  plot  as  compared  with 
the  sand,  but  not  so  with  the  highly  fed  plants,  as  it  drops  back  some- 
what yet  is  still  higher  than  the  sand  plot. 

Number  of  peas. —  The  number  of  peas  per  plant  was  notedT  on  th^^ 
untreated  and  the  manured  plots.     The  classes  were  the  same  as  in 
L 
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the  first  generation,  that  is,  those  having  i  to  2  peas  were  classed  a- 
1.5,  etc.  The  range  in  number  of  peas  is  i  to  13  and  i  to  17  on  xht 
two  plots.  There  was  much  less  range  in  this  generation  than  in  tht 
first  generation.    The  results  for  this  character  are  shown  in  Table  I^ 

Table  16. —  Showing  Variation  in  the  Number  of  Peas  frcm 
Plants  Grown  on  Plots  of  Different  Fertility.  Second  Gen- 
eration 

One  unit  =  one  pea 

Oixfinary  ICan^iiv: 

plot  rl'^t 

Number    108  loi 

Mode  4  8 

Mean   5-407  8.213 

P.  E.  of  mean =^- 149  —  --^Jj 

Stand.  Dev 2,298  3.3.': 

P.  E.  of  Stand.  Dev ±.105  :^.i5^ 

Coef.  of  Var 42.500  40.4^5 

P.   E.    of  C ±2.276  Z*Z2.213 


The  mode  is  increased  greatly  with  the  food  supply,  in  fact,  it  i> 
doubled,  while  the  mean  increases  in  nearly  the  same  proportion.  The 
standard  deviation  increases  very  markedly  with  the  nutrition  but  the 
coefficient  of  variability  decreases,  due  to  the  fact  that  the  mean  in- 
creases faster  than  the  standard  deviation.  The  standard  deviation  !«•: 
the  two  plots  is  2.298^.105  and  3.325^.158,  and  the  coefficient  of 
variability  is  42.50011=2.276  and  40.485Hr2.213. 

Yield, —  The  yield  was  not  so  large  for  the  plants  grown  in  the 
greenhouse  as  for  those  grown  on  the  out-of-door  plots.  The  range  i- 
much  less  and  the  classes  have  been  arranged  so  that  they  are  of  ]e<- 
magnitude.  No  doubt  the  yield  was  cut  down  somewhat  by  the  fumiga- 
tion that  has  been  spoken  of  above.  The  constants  are  shown  in 
Table  17. 

Table    17. —  Showing   Variation    in   Yield   for   Peas   Grown   o\ 

Plots  of  Different  Fertility.     Second  Generation 

One  unit  =  one  gram 


Number  

Mode  

Mean   

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev. 

Coef.  of  Var 

P.  E.  of  C 


Sand 

Ordinary 

ManuTtd 

plot 

plot 

plot 

106 

108 

lOI 

.1 

•7 

1.5 

.181 

.969 

1.4^ 

±.008 

±.028 

±.041 

.119 

.428 

.61; 

±.006 

±.020 

±.020 

65.746 

44.16Q 

42.145 

±4.160 

±2.390 

±2.328 
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The  table  shows  tliat  the  mode  and  the  mean  advance  rapidly  with 
the  nutrition.  The  mean  is  .181  :i:  .008,  .969^.028  and  1.464^.041 
grams  on  each  plot,  beginning  with  the  sand.  The  standard  deviation 
also  shows  a  marked  increase.  The  standard  deviation  for  the  three 
plots  is  .119^.006,  .428zt.020  and  .617^.029.  The  coefficient  of 
variability,  however,  shows  a  general  decrease  from  the  sand  to  the 
manured  plot.  On  the  sand  plot  the  range  is  over  three  classes,  while 
it  is  over  thirteen  and  sixteen  classes  on  the  ordinary  and  the  manured 
plots,  respectively. 

DISCUSSION  OF  DATA  FROM  PEAS 

We  have  studied  several  characters  of  peas  for  two  generations. 
The  effect  of  food  supply  is  very  different  for  the  different  characters. 
Some  characters  are  much  more  variable  than  others  on  the  same 
plant.  The  variability  coefficient  varies  through  a  wide  range  on  the 
different  plots  and  even  for  the  different  characters  on  the  same  plot. 
The  range  for  the  first  generation  is  from  13.366  to  54.201  on  the  dif- 
ferent plots.  The  range  for  each  plot  is  13.366  to  32.050  on  the  sand, 
15.449  to  52.492  on  the  ordinary  plot,  and  15.093  to  54.201  on  the 
manured  plot.  The  coefficients  of  variability  having  to  do  with  the 
yield,  that  is,  number  of  pods,  number  of  peas,  and  weight  of  peas, 
are  the  largest. 

The  effect  of  food  supply  on  the  modes  or  the  means  is  to  increase 
them  in  every  case  with  but  one  exception.  The  mode  or  the  mean 
for  the  average  weight  of  seed  increases  on  the  ordinary  plot  over  the 
sand,  but  is  less  on  the  manured  plot  than  on  the  ordinary.  A  table 
showing  the  means  for  the  different  characters  on  the  different  plots 
for  the  first  generation  will  illustrate  this  better. 

Table  18. —  Showing  the  Effect  of  Fertility  on  the  Means  of 
THE  Different  Plots.    First  Generation 

Sand 

Character  plot 

Height    in    cm 14-777 

N  0.  internodes 9 .  936 

Average  length  of  in- 
ternodes in  cm 1 .494 

No.  pods    956 

No.  peas 

Ave.  No.  peas  per  pod 

Yield  in  grams 5 

Average  wt.  see  mg. .  11 1. 31 5 


Ordinary 
plot 

41.042 

Gain  of 

ordinary 

over  sand 

26.265 

Manured 

plot 

49.400 

Gain  of 
manured 

over 
ordinary 

8.448 

Gain  of 
manured 
over  sand 

34-713 

14.493 

4. 557 

14.790 

.297 

4.854 

2.831 

1.337 

3.379 

.548 

1.885 

3.420 

2.464 

5.090 

1.670 

4.134 

10.493 

16.496 

6.003 

2.930 

3.159 

.229 

2.349 

1.849 

3.642 

1.293 

3.142 

229.489 

118.174 

218.994 

—10.495 

107.679 

From  this  table  we  see  that  in  every  case  there  is  an  increase  in 
mean  on  the  ordinary  plot  over  the  sand  plot.    The  saiagitiiidtJTUe  for  the 
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manured  plot  over  the  ordinary  plot,  with  the  exception  of  the  average 
weight  of  seed,  which  shows  a  decrease.  The  gain  is  larger  when  we 
pass  from  the  sand  to  the  ordinary  plot  than  it  is  when  we  pass  from  the 
ordinary  to  the  highly  fertilized  plot.  This  we  should  expect  from  the 
fact  that  the  sand  is  very  poor  in  nutritive  material  while  the  ordinary- 
soil  is  comparatively  rich,  so  that  after  adding  fertilizer  we  should  no: 
expect  so  large  a  gain.  The  means  for  the  second  generation  follow  ir 
general  those  for  the  first.  The  following  table  will  show  these  means 
for  the  characters  studied: 

Table  19. —  Showing  the  Effect  of  Fertility  on  the  Mean? 
OF  the  Different  Characters  for  the  Three  Plots.  Second 
Generation  ^^^^ 

Gain  of  manured         Gain  c£ 

Sand        Ordinary         ordinary      Manured  over  mazmrr-i 

Character  plot  plot  over  sand  plot  ordinary      oversas^ 

Height  in  cm 29.679  63.036  33357  76.584  13-548  46.90? 

No.  internodes  13.500  16.509  3-009  17.950  I.441  4.450 

Average  length  of  i»- 

ternodes  in  cm 2.170  3.809  1.639  4-259  .450  2.080 

No.  pods i.^o  3.082  1. 412  3.990  .908  2.320 

No.  peas 5-407     8.213  2.806     

Yield  in  grains 181  .969  .788  1.464  .495  1.283 

This  table  shows  fhat  there  is  a  gain  for  each  character.  Again 
in  this  generation  the  increase  of  the  ordinary  soil  over  the  sand  is 
greater  than  the  increase  of  the  manured  plot  over  the  ordinary  soil. 
There  is  then,  in  general,  an  increase  in  size,  as  indicated  by  the  mean, 
as  the  food  supply  is  increased.  The  characters  are  greater  in  size,  and 
thus  we  have  taller  plants,  larger  and  more  pods,  more  peas  per  pod 
and  the  like. 

Effect  of  nutrition  ufon  the  standard  deviation.  First  generation. — 
The  general  effect  of  increased  food  supply  is  to  increase  the  standard 
deviation,  at  least  within  certain  limits.  There  are  exceptions  to  this, 
and  this  seems  to  be  partly  determined  by  the  character  under  considera- 
tion. As  the  nutritive  conditions  are  made  better  there  is  a  tendenq* 
for  the  individuals  to  scatter  or  wander  from  the  mean  or  average 
condition  and  more  individuals  fall  into  the  extreme  classes,  hence  the 
standard  deviation  is  larger  under  these  conditions.  With  very  poo: 
growth  conditions  the  plants  are  grouped  very  closely  about  the  mean 
and  extremes  are  rarer,  hence  the  standard  deviatic«i  is  smaller.  The 
curves  representing  the  populations  for  the  different  characters  on  the 
different  plots  show  this  very  well,  for  as  a  rule  there  is  much 
greater  slope  to  the  curves  from  the  plots  of  high  fertility  than  to 
those  having  a  small  amount  of  food  supply.  The  following  table  will 
show  the  results  of  nutrition  on  the  standard  deviation  for  the  first 
generation :  Digitized  by  vjOOQ IC 


Studies  of  Variation  in  Plants  621 

Table  20. —  Showing  Effect  of  Fertility  on  the  Standard  Devia- 
tion FOR  Different  Chajiacters  From  the  Different  Plots. 
First  Generation  Gain  of 

Gain  of  manured  Gain  of 

Sand        Ordinary         ordinary  Manured  over  manured 

Character                              plot             plot           over  sand  plot  ordinary  over  sand 

Height  in  cm 3-399        10.744         7-345  10.831  .087  7.432 

No.  internodes  1.328         2.239           ,911  2.611  .372  1.283 

Average  length  of  in- 
ternodes in  cm 268            .496            .228  .510  .014  .242 

No.  pods 223          1.588         1.365  2.464  .876  2.241 

No.  peas 5.508    8.66r  •    3.153    

Ave.  No.  peas  per  pod .856    .915  .059    

Yield  in  g 1.154     1-974  .820    

Ave.  wt.  of  peas  mg..     35-677        36-393            -7^6  35-903  — -940  .226 


We  have  a  substantial  gain  in  the  standard  deviation  on  the  ordinary 
plot  over  the  sand  plot,  and  also  a  gain  on  the  manured  plot  over  the 
ordinary  plot.  The  gain  due  to  the  addition  of  manure  and  phosphate  is 
not  so  large  as  is  the  gain  of  the  ordinary  soil  over  the  sand,  nor  should 
we  expect  such  a  gain  since  the  change  in  fertility  is  much  greater  from 
the  sand  to  the  ordinary  soil  than  from  the  ordinary  to  the  manured  soil. 
As  the  analyses  show,  there  is  much  more  plant  food  in  the  garden 
soil  plot  than  in  the  sand  plot,  and  the  difference  between  the  manured 
and  the  ordinary  plots  is  not  so"  great  as  between  the  sand  and  the 
ordinary  plots.  The  column  showing  the  increase  in  the  manured  plot 
over  the  sand  plot  shows  a  good  gain  in  every  case. 

The  data  showing  the  standard  deviations  for  the  average  weight  of 
seed  show  an  increase  on  the  ordinary  plot  over  the  sand,  but  a  decrease 
on  the  manured  plot  over  the  ordinary  soil.  This  is  the  only  decrease 
shown  for  any  of  the  characters. 

Table  21. —  Showing  Effect  of  Fertility  on  the  Standard  Devia- 
tion FOR  Different  Characters  from  the  Three  Plots.  Second 
Generation  ^^^^^ 

Gain  of  manured        Gain  of 

Sand        Ordinary         ordinary      Manured  over  manured 

Character  plot  plot  over  sand  plot  ordinary     over  sand 

Height  in  cm 9833  12.282  2.449  13. 545  1263  3.712 

No.  internodes 1.876  2.026  .150  2.231  .205  .355 

Ave.  length  internodes 

in  cm 563  .513  —.050  .508  —.005  —.055 

No.  pods 646  1.383  .737  1. 715  .332  1.069 

No.  peas  ..• 2.298    3.325  1.027     

Yielding. up  .428  .309  .617  .189  .498 

The  standard  deviations  of  the  second  generation  show  with  one  ex- 
ception, a  general  increase  as  the  amount  of  food  supply  is  increasejd.^ 
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The  standard  deviation  of  the  average  length  of  internodes  decreases  as 
we  pass  from  the  poorer  to  the  richer  soil. 

The  variability  of  characters  representing  yield,  such  as  number  of 
pods,  number  of  peas,  and  weight  of  peas,  is  increased  as  the  fertility 
is  increased.  In  thirteen  out  of  sixteen  cases  the  standard  deviation  is 
increased  as  the  fertility  increases.  This  means  that  there  is  a  greater 
range  and  greater  deviation  from  the  mean  as  the  soil  becomes  richer. 
The  two  tables  indicate  that  there  is  a  general  increase  in  the  standard 
deviation  as  we  increase  the  food  supply  This  is  shown  to  be  almost 
always  the  case.  These  results  are  contrary  to  those  reported  by  Daven- 
port in  his  study  of  the  effect  of  nutrition  on  corn.  The  results  reported 
by  Miss  Tammes  do  not  show  such  a  general  increase  in  the  quartile  as 
is  shown  here  in  the  standard  deviation.  Since  the  quartile  is  equal  to 
the  product  of  the  standard  deviation  times  .6745,  we  should  have  an 
increase  in  the  quartile  in  the  studies  reported  here  if  we  used  the  quartile 
rather  than  the  standard  deviation. 

Effect  of  nutrition  upon  the  coefficient  of  variability.  First  genera- 
tion.—  The  food  supply  has  a  variable  effect  on  the  coefficient  of  varia- 
bility. This  has  been  true  for  studies  made  by  other  investigators,  as  re- 
ferred to  above.  The  fact  that  the  mean  and  the  standard  deviation 
increase  with  the  food  supply,  but  not  in  the  same  ratio,  causes  in  some 
cases  an  increase  in  the  coefficient  of  variability  and  in  others  a  decrease. 
The  results  do  not  follow  any  regular  plan.  If  a  mean  is  very  low,  the 
standard  deviation  may  be  fairly  high  (depending  somewhat  on  the  char- 
acter) and  yet  the  coefficient  of  variability  be  very  high.  The  results  for 
the  coefficient  of  variability  on  the  different  soil  plots  for  the  several 
characters  will  best  be  shown  in  the  following  table.  The  table  shows 
the  coefficient  and  .the  gain  due  to  food  supply : 

Table  22. —  Showing  Effect  of  Food  Supply  on  the  Coefficient 
OF  Variability.     First  Generation 

Sand  Ordinary 

Character  plot  plot 

Height 23.002  26.178 

No.  internodes   13-366  15.449 

Ave.  length  internodes.     17.938  17.520 

No.  pods  23.326  46.433 

No.  peas  52.492 

Ave.  No.  peas  per  pod.     29.215 

Yield 49.127 

Ave.  wt.  seed 32.050*  15.858    —16.192*      16.395  .537 


Gain  of 
manured 
over  sand 

Manured 
plot 

Gaino! 

over 
ordinary 

G«inor 
maniired 
over  sand 

3.176 

21.88s 

—4.293 

— I.II7 

2.083 

17.654 

2.205 

4.288 

—.410 

15.093 

—2.427 

—2.84s 

23.107 

48.409 

1.976 

25. 0813 

52.504 

.012 

28.965 

—.250 

54.201 

5. 074 

*  Owing  to  the  fact  that  most  of  the  plants  on  the  sand  plot  produced  only  one 
pod  and  one  seed  per  pod,  this  data  is  hardly  comparable  with  the  same 
character  for  the  other  plots,  we  shall  omit  this  in  the  comparison^  1 
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The  column  giving  the  gain  of  the  ordinary  soil  over  the  sand  shows 

that  with  three  out  of  four  characters  studied,  we  have  a  gain  in  the 

coefficient  of  variability  due  to  better  nutrition.     In  the  column  giving 

the  g^in  of  the  manured  plot  over  the  ordinary,  we  have  five  out  of 

eight  cases  showing  an  increase  in  the  coefficient  of  variability  due  to 

food   supply.     The  column  showing  gain  of  manured  plot  over  sand 

shows  two  positive  and  two  negative  differences.    Summing  allof  these 

up,  we  find  that  we  have  ten  out  of  sixteen  cases  showing  a  gain  for 

the   better  nutritive  conditions.     The  characters  representing  yield,  as 

number  of  pods,  number  of  peas,  and  total  weight  of  seed,  show  an 

increase   in   all   cases.     The   variability   in   the   number   of   internodes 

shows  an  increase,  due     to  food  supply,  in  all  cases.     The  coefficient 

for  height  shows  a  gain  on  the  ordinary  over  the  sand  but  a  loss  on 

the  manured  over  the  ordinary.    The  results  for  the  second  generation 

have  been  arranged  the  same  as  for  the  first  generation  and  are  given 

in  Table  23. 

Table  23. —  Showing  Effect  of  Fertility  on  the  Coefficient  of 
Variability  for  Different  Characters  from  the  Three  Plots. 
Second  Generation 

Gain  of 

Gain  of                               manured  Gain  of 

Sand           Ordinary       ordinary        Manured           over  manured 

Character                            plot                 plot          over  sand            plot            ordinary  over  sand 

Height  33.131  19.484  —13.647  17.686  —1.798  —15.445 

No.  internodes   13.896  12.272  — 1.624  12.429  -157  — 1.467 

Ave.    length  internodes    25.945  13.468  — 12.477  11.928  — 1.540  — 14.017 

No.  pods  38.683  44'873  6.190  42.982  — 1.891  4.299 

No.  peas 42.500    40.485  —2.015     

Yield  65.746  44.169  —21.577  42.14s  —2.024     

The  second  generation  shows  many  more  negative  expressions  than 
the  first  generation.  In  fact,  the  greater  number  of  the  coefficients  of 
variability  show  a  loss  as  the  food  supply  is  increased.  There  are  only 
three  cases,  out  of  a  possible  fifteen,  showing  an  increase. 

Summing  up  the  results  of  the  two  generations,  we  find  that  the 
coefficient  of  variability  is  increased  thirteen  times  and  decreased  eighteen 
times.  Thus  we  see  that  increased  nutrition  has  first  one  effect  and 
then  another  on  the  coefficient  of  variability.  This  is  due  to  the  fact 
that  the  increased  fertility  sometimes  has  the  effect  of  increasing  the 
mean  faster  than  the  standard  deviation,  or  vice  versa. 

The  curves  representing  the  populations  on  the  different  plots  show 
that  there  is  an  increase  in  extremes  as  the  food  supply  is  increased. 
Take,  for  example,  the  curve  representing  height;  there  are  only  five 
classes  on  the  sand,  while  there  are  seventeen  and  eighteen  classes, 
respectively,  on  the  other  plots.  We  see  from  this  that  extremes  are 
more  rare  when  the  soil  is  very  low  in  fertility.  Digitized  by  VjOOglC 
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Correlation  of  peas.  First  generation. —  The  study  of  correl^ti-i 
is  one  of  the  most  interesting  and  one  of  the  very  important  jpn't: 
lems  to  the  scientific  as  well  as  to  the  practical  breeder.  To  be  slI 
to  tell  how  closely  one  character  is  associated  with  another  is  -^r^i 
necessary.  Thus,  if  correlation  exists  between  any  two  characters,  at 
may  by  selecting  one  character  in  one  direction  cause  a  corresponclfrj 
change  in  the  other.  To  illustrate,  if  we  find  that  yield  is  correlsttG 
with  length  or  breadth  of  leaf,  we  may  obtain  higher  yielding  pla.nt 
by  selecting  those  having  longer  or  broader  leaves. 

We  shall  now  take  up  the  consideration  of  the  correlation  of    thic 
different  characters  which  we  have  been  studying;  first,  to  determine 
to  what  extent  they  may  be  correlated  one  with  another,  and   second 
to  learn  to  what  extent  this  correlation  may  be  affected  by  nutrition. 
The  following  tables  will  show  the  plan  followed  in  arranging  the  work. 
The  classes  are  of  the  same  magnitude  for  the  same  character  on  each 
of  the  three  plots.     Better  and  smoother  tables  could  be  secured   by 
doubling  the  classes  in  some  instances,  but  the  author  considered  that 
to  be  exactly  comparable  they  should  always  be  the  same. 
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Fig.  220. —  Correlation  between  height  and  num- 
ber of  internodes  of  peas  on  sand  plot.  Height 
subject,  number  of  internodes  relative;  r  = 
.505  ±  .032 

Height  and  number  of  internodes. —  Figures  220,  221  and  222  show 
the  correlation  table  of  height  and  number  of  internodes  on  the  three 
plots.  Height  is  subject  and  number  of  internodes  relative.  TTiere 
exists  a  very  good  correlation  between  these  characters  as  one  would 
expect  from  the  nature  of  the  characters  in  question.  The  coefficient  of 
correlation  is  .505  it  .032  on  the  sand  soil,  .764^.017  on  the  ordinary' 
and  .73 1  zh  .020  on  the  manured  soil.  The  sand  plot  does  not  show 
a  very  high  degree  of  correlation  between  these  characters,  but  on  the 
other  plots  we  find  a  very  good  correlation  existing.  The  ordinary 
soil  shows  the  highest  degree  of  correlation.  The  manured  plot  shows 
a  greater  scattering  than  the  ordinary  plot,  although  this  is  not  very 
marked. 

Height  and  number  of  pods. —  The  correlation  between  height  and 
number  of  pods  on  tKe  ordinary  and  manured  plot  is  shown  by  figures 
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223  and  224.  The  correlation  is  fairly  good  in  the  ordinary  plot,  but  not 
so  significant  in  the  manured  plot.  This  fact  is  partially  explained  when 
we  remember  that  the  peas  on  the  manured  plot  branched  much  more 
than  those  on  the  ordinary  soil  plot  and  thus  many  pods  were  borne 
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Fig.  221. —  Correlation  between  height  and  number  of  internodes  of  peas 
on  untreated  plot.  Height  subject  rmmber  of  internodes  relative;  r  = 
.764  ±  .017 

on  branches.  The  fact  that  we  did  not  take  the  total  height  but  the 
height  of  the  main  stem  would  reduce  our  correlation  coeflScient  to  a 
very  great  extent  in  some  cases.  Some  plants  of  medium  height  may 
at  the  same  time  have  a  number  of  branches  and  hence  a  large  number  of 
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Fig.  222. —  Correlation  between  height  and  number  of  internodes  of  peas  on 
manured  plot.    Height  subject,  number  of  internodes  ^elatii/ti^^^^:^j(Q(^^\^ 
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pods.  The  coefficient  of  correlation  is  reduced  from  .694^.021  on  the 
ordinary  plot  to  -545  ±:  .030  on  the  manured  soil.  This  lowering  of  the 
coefficient  is  probably  due  to  the  effect  of  nutrition  also,  since  most  of 
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this  material  shows,  as  we  shall  see  later,  a  decrease  in  the  coefficient 
of  correlation,  due  to  increased  food  supply. 

Height  and  number  of  peas. —  The  correlation  between  height  and 
number  of  peas  follows  very  closely  that  for  height  and  number  of 
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pods,  as  one  would  expect.  The  correlation  coefficient  for  number  of 
pods  and  number  of  peas  was  not  determined,  but  from  inspection  of 
the  data  we  see  that  it  would  be  very  high.  Waugh  and  Pomeroy^', 
in  Massachusetts,  have  found  that  in  a  population  of  peas  (Excelsior 
varkty)  the  correlation  coefficient  between  these  characters  is  .897.  The 
correlation  coefficient  between  height  and  number  of  pods  on  the  ordi- 
nary plot  was  found  to  be  .700it:.020,  and  on  the  manured  plot  to  be 
-523±:.03i  (Figures  225  and  226).  We  see  that  the  correlation  coefficient 
for  height  and  number  of  pods  and  height  and  number  of  peas  is  very 
close  on  the  two  plots,  being  .694^.021  and  .700^.020  on  the  ordinary 
and  .545it:-030  and  .523^^.031  on  the  manured  plot.  We  should,  of 
course,  expect  a  high  degree  of  correlation  between  a  combination,  of 
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plot. 


these  characters,  or  in  other  words  between  number  <of  pods  and  number 
of  peas.  .  '  ^ 

Height  and  yield, —  The  correlation  existing  between  height  ahd  yield 
on  the  ordinary  and  the  fertilized  plots  is  shown  by  Figures  227  and  228. 
The  correlation  coefficients  for  the  two  plots  are  .6571+1.023  and  .511 
±.033.  There  is  a  very  good  correlation  existing  between  these  charac- 
ters on  the  ordinary  plot,  but  it  becomes  much  less  on  the  fertile  plot. 
This,  the  author  thinks,  is  due  partially  to  the  effect  of  food  supply 
and  partially  to  the  fact  that  part  of  the  seed  going  to  make  up  the 
yield  is  borne  on  the  branches  and  these  are  not  counted  in  the  height, 
as  noted  in  our  previous  discussion. 

Height  and  average  weight  of  seed. —  The  figures  showing  the  corre- 
lation existing  between  height  and  average  weight  of  seed    (Figurfe 
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229,  230  and  231)  are  very  interesting.  The  data  from  the  sand  are 
hardly  comparable  with  that  from  the  other  plots,  since,  as  noted  before, 
most  of  the  plants  in  this  plot  bore  only  one  seed  per  plant.  With  a  fe^ 
exceptions,  this  table  really  represents  yield.    Figures  230  and  231  show 

a  decided  negative  cor- 
relation, which  is  very 
interesting.  The  data 
from  the  ordinary  soil 
plants  show  a  negative 
correlation  coefficient  of 
— .2o6ri=.o38,  while  the 
correlation  coefficient 
for  the  manured  plot  if 
— .i68dz.043.  Thus,  as 
the  plants  increase  in 
height,  the  weight  of  the 
individual  seeds  becomes 
less.  This  is  interesting 
from  the  fact  that  in 
practical  crop  work  one 
is  likely  to  select  the 
largest  and  plumpest 
seed  for  planting.  In 
the  case  of  peas,  we  see 
from  the  data  giv«n  here 
that  the  largest  seed 
comes  from  the  smallest 
plants  and  hence  from 
those  lower  in  yield. 
These  results  may  be  in- 
fluenced by  season  or 
other  factors,  and  fur- 
ther studies  should  be 
made  before  conclusive 
results  can  be  obtained. 
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How  truly  this  seed 
reproduces  the  parent 
types  is  a  question  that  needs  further  experimentation  to  determine. 
Thus,  if  large  seeds  from  short,  low-yielding  plants  tend  to  reproduce 
a  large  percentage  of  such  plants,  the  grower  may  be  defeating  his 
purpose  in  selecting  the  heaviest  seed.  Digitized  by  vjOOglC 
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Number  of  peas  and  average  weight  of  seed. —  Figures  232  and  233 
show  the  correlation  between  the  total  number  of  peas  per  plant  and  the 
average  weight  of  seed.  Here,  again,  we  find  a  negative  correlation  in 
each  case.    It  is  — .307^1.036  on  the  ordinary  soil  plot  and  — .o66if:-044 

Yield  in  grams 


-as. 

I 


0 

1.0 

3.0 

3.0 

4.0 

5.0 

6.0 

13. 0-17.0 

I.O 

1.0 

3.0 

4.0 

S.o 

6.0 

7.0 

z 

X 

17.0-aI.O 

3 

I 

4 

2i.<y-2S.o 

5 

I 

6 

25.0-39.0 

S 

23 

38 

29.0-33.0 

S 

19 

6 

30 

33.0-37.0 

1 

31 

Z3 

z 

z 

37 

37 .0-41.0 
41. 0-45.0 

13 

33 

3 

39 

43 

X 

10 

34 

4 

45.0-49.0 

5 

Z3 

X3 

34 

49.0-53.0 

5 

10 

6 

X 

36 

53.O-S7.0 

z 

7 

4 

4 

X7 

57.0-61.0 

5 

3 

8 

61.0-65.0 

z 

z 

z 

z 

65.0-69.0 

z 

69.0-73.0 

3 

73.0-77.0 

X 

77.0-81.0 

X 

at 

xoo 

X03 

34 

18 

7 

» 

384 

Fig.  227. —  Correlation  between  height  and  yield  of  peas 
on  untreated  plot.  Height  subject,  yield  relative; 
r  =  . 657  ±.023 

on  the  manured  plot.  The  correlation  is  not  nearly  so  close  on  the  fer- 
tilized plot  as  on  the  untreated.  These  results,  together  with  those  in 
the  preceding  paragraph,  show  us  that  the  increased  yield  is  due  more  to 
the  increased  number  of  seed  rather  than  to  the  increase  in  size;  that 
is,  large  plants  produce  more  seeds,  but  seeds  of  smaller  weight. 
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A- umber  of  pods  and  average  number  of  peas  per  pod. —  From  the 
data  giving  the  number  of  pods  and  the  average  number  of  peas  per  p&i  ^ 
the  correlation  coefficient  between  number  of  pods  and  average  number 
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of  peas  per  pod  has  been  calculated.  .These  results  are  shown  by 
Figures  234  and  235.  The  correlation  coefficients  of  .036^.040  on  the 
untreated  and  .043:^.043  on  the  fertilized  plots,  respectively,  show  that 
there  is  practically  no  correlation  and  that  these  two  characters  van 
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practically  independently  of  one  another.     Waugh  and  Pomeroy'**  de- 
termined this  coefficient  for  the  same  characters  on  peas  and  found  it 
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. —  Correlation  between  height  and 
of  seed  of  peas  on  manured  plot, 
average  weight  of  seed  relative;  r- 
(i  at  100  mg.  omitted) 
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to  be  — .0176.  Their  coefficient,  although  negative,  is  smaller  ttiaxi  the 
ones  the  writer  found.  So  we  can  conclude  that  these  characters  on 
peas  are  not  correlated  to  any  appreciable  degree.  ' 

•  Average  weight  in  mg. 
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Average  length  of  internodes  and  average  number  of  peas  per  pod, — 
The  table  showing  the  correlation  existing  between  the  average  length 
of  internodes  and  average  number  of  peas  per  pod  for  the  plants  from 
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the  ordinary  plot  is  very  interesting.  This  is  shown  by  Figure  236, 
which  indicates  a  very  significant  positive  correlation  between  these  two 
characters,  which  is  .221^.038.  This  coefficient  is  not  large,  but  it 
is  large  enough  to  show  that  a  fair  correlation  exists  between  these 
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characters.  It  is  large  enough  to  be  of  aid  in  selecting  for  longer  pods. 
which  would  mean  more  peas  per  pod  as  a  rule,  since  longer  pods  arc 
correlated  with  number  of  peas. 
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Correlations  of  peas.  Second  generation. —  The  correlation  tables 
for  the  second  generation  were  arranged  in  the  same  manner  as 
those  for  the  first  generation.  The  classes  are  of  the  same 
size.  The  tables  are  not  conclusive,  since  the  numbers  are  small, 
but  they  add  some  evidence  to  the  questions  being  studied,  so  are  given 
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Here.     The  fact  that  the  plants  were  injured  may  have  affected  the 
correlation  tables  to  some  extent. 

Height  and  number  of  internodes. — The  correlation  between  height 
and  number  of  internodes  is  shown  in  Figures  237, 238  and  239.    The  cor- 
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relation  coefficient  on  the  sand  plot  is  much  higher  for  this  generation  than 
for  the  first  generation  being  .71.1  ±032.  The  coefficient  of  correlation 
for  the  ordinary  soil  and  the  manured  plots  is  .7431^.029  and  .743 it .030, 
respectively.  There  is  no  diflFerence  between  the  different  plots  with 
respect  to  the  coefficients  of  correlation. 
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Height  and  number  of  pods, —  Figures  240,  241  and  242  shoiv  the  cor- 
relation between  height  and  number  of  pods.  This  is  much  lower  for  tbc 
ordinary  plot  in  this  generation  than  in  the  first  generation,  but  is  aboct 
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the  same  for  the  manured  plot.  The  correlation  coefficient  is  -437 ±-052,  ; 
•484±:.049  and  .553111.047  on  the  sand,  the  ordinary  soil  and  the  manured  j 
plots  respectively.    In  this  there  seems  to  be  a  tendency  for  the  coef-      ' 
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ficient  of  correlation  to  increase  as  the  food  supply  increases.  This  is 
contrary  to  the  conditions  found  heretofore,  and  may  be  due  to  increased 
nutrition,  or  possibly  to  the  fact  that  the  numbers  are  small. 
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Height  and  number  of  peas. —  The  correlation  between  height  and 
number  of  peas  on  the  ordinary  and  the  manured  plots  is  shown  by 
Figures  243  and  244.    This  coefficient  is  much  larger  than  that  for  the 
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height  and  number  of  pods,  which  is  contrary  to  the  results  of  the  firr 
generation.  The  coefficient  of  correlation  is  .749^-028  and  .657-4- x»3^ 
on   the  ordinary  and  the  manured  plots,   respectively.      There    is   ai- 
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parently  a  slight  decrease  on  the  manured  plots,  yet  this  is  not  so  great 
as  the  gain  in  the  correlations  with  respect  to  the  height  and  number 
of  peas. 
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Height  and  yield. —  The  tables  showing  the  correlation  between  height 
and  yield  for  the  second  generation  are  shown  by  Figures  245,  246  and 
247.  There  is  a  very  high  correlation  for  these  two  characters.  The 
classes  for  height  are  the  same  as  for  the  first  generation,  but  those  for 
weight  are  less  in  magnitude.  The  correlation  coefficients  are  694 it -034, 
.853=iz.oi7  and  6s2±:.039. 

The  correlation  is  the  highest  for  the  plants  taken  from  the  ordinary 
plot  and  lowest  for  the  plants  taken  from  the  manured  plot.  These 
results  are  in  accordance  with  those  of  the  first  generation,  that  is,  they 
show  a  decrease  for  the  plants  grown  on  richer  soil. 
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Fig.  247. —  Correlation  between  height  and  yield  of  peas  from  manured  plot.- 
(Second  generation.)     Height  subject,  yield  relative;  r  =  .652  ±  .039 

General  discussion  of  correlation  in  peas. —  We  have  now  discussed 
the  different  degrees  of  correlation  for  the  several  characters.  The 
correlation  between  the  height  and  number  of  internodes  is  the  highest, 
as  a  rule ;  and  we  should  expect  such  results,  for  as  the  plant  increases 
in  height  the  number  of  internodes  also  tends  to  increase. 

There  is  a  very  good  correlation  existing  between  the  height  and  num- 
ber of  pods  and  number  of  seed.  Thus,  the  taller  plants  produce  more 
pods  and  therefore  more  seed.  It  is  of  interest,  also,  to  note  that  there 
is  practically  no  correlation,  either  negative  or  positive,  between  the  num- 
ber of  pods  and  the  average  number  of  seeds  per  pod. 

The  negative  correlation  between  height  and  average  weight  of  seed 
is  very  important,  since  it  shows  on  a  mathematical  basfs  just  what  re- 
lation exists  between  height  and  the  average  weight  of  seed  produced. 
The  shorter  plants  produce  only  a  few  seed,  but  these  as  a  rule  are  large 
and  plump,  while  the  taller  plants  produce  more,  but  lighter  seed.    The 
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correlation  existing  between  the  average  length  of  intemodes  a.ncl 
age  number  of  peas  per  pod  is  significant  from  the  fact  that  as  i 
ternodes  became  longer  there  is  a  tendency  to  produce  more  pea«  pe 
hence  longer  pods.  This  indicates  that  if  one  were  to  select  j>lant5 
long  intemodes  he  would  also  obtain  larger  pods  or  pods  containing 
peas  per  pod. 

Effect  of  nutrition  upon  the  coefficient  of  correlation.  First  ge\ 
tion. —  The  results  of  the  first  generation  tend  to  show  that  as  the  n 
tion  is  increased  beyond  the  normal  condition  there  is  a  decrease  in 
coefficient  of  correlation.  Since  increased  nutrition  tends  to  increase 
standard  deviation  of  the  characters  in  question,  there  would  be  a 
crease  in  the  correlation  coefficient  since  there  is  a  scattering-  on  e; 
side  of  the  means.  The  tabular  results  of  the  coefficients  of  correlat 
are  given  in  the  table  below : 

Table  24. —  Showing  Effect  of  Fertility  on  the  CoEFFicrExx  i 
Correlation.     First  Generation 

Gnis  { 


Gain  of  

Sand  Ordinary  ordinary  Manured  ov-rr 

plot  plot  over  sand  plot  ordin^' 

Height  and  No.  intemodes 505  764  259  .731  — -Pi 

Height  and  No.  pods .694     .545  — .14; 

Height  and  No.  peas. .  .^ .700    .523  — .  17; 

Height  and  yield .657    .511  — .  14' 

Height  and  average  wt.  seed 590  — .206    —.168  — .038 

No.  pods  and  av.  No.  peas  per  pod      .036    .043  .00; 

No.  peas  and  ave.  wt.  seed — .307    —.066  — .241 


This  table  reveals  the  fact  that  there  is  greater  correlation  between 
the  height  and  the  number  of  intemodes  on  the  ordinary  plot  than  on 
the  sand  or  the  manured  plot. 

The  coefficient  of  correlation  between  the  height  and  the  average 
weight  of  seed  on  the  sand  plot  will  be  omitted  in  this  discussion,  since. 
as  stated  above,  each  plant  usually  produced  but  one  seed.    Omitting 
this,  we  find  that  out  of  eight   cases  the   coefficient  of  correlation  der 
creases  six  times  as  the  food  supply  increases. 

The  results  for  the  second  generation  are  shown  by  Table  25. 

Table  25. —  Showing   the   Effect  of   Fertility   on  the  CoEFn- 
ciENT  OF  Correlation.    Second  Generation. 


Height  and  No.  intemodes. 

Height  and  No.  pods 

Height  and  No.  peas 

Height  and  yield 


Saad 
plot 

Ordinary 
plot 

Gain  of 
ordinary 
over  sand 

Manttred 
plot 

Gain  of 
manored 

orer 
orduurr 

.711 

.743 

.032 

.743 

.000 

.437 

.484 

.047 

•553 

.069 

.749 

.657 

-.opj 

.6^ 

.853 

.159 

.652 

— .2or 
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The  table  for  the  second  generation  does  not  reveal  the  same  general 
,  endency  for  the  coefficient  of  correlation  to  decrease  on  the  richer  soil, 
rhere  is  an  increase  in  two  cases  and  a  decrease  in  two.  There  is  an 
ncrease  in  all  cases  for  the  ordinary  plot  over  the  sand  soil.  In  general, 
:here  seems  to  be  better  correlation  on  the  ordinary  soil  and  less  cor- 
relation on  very  rich  or  very  poor  soil. 

Results  shown  by  planting  the  seed  grown  on  these  differently 
treated  plots  under  ordinary  conditions. —  It  was  thought  desirable  to 
make  a  test  of  seed  grown  on  these  different  plots  to  learn  what  kind 
of  progeny  it  would  produce.  With  this  in  mind  a  bench  in  the  gfreen- 
house  was  filled  with  a  soil  that  had  merely  a  normal  amount  of  plant 
food.  It  was  not  nearly  so  high  in  nutrition  as  the  soil  that  composed 
the  ordinary  plot.  On  this  was  planted  seed  from  each  of  the  three  plots 
of  the  first  generation.  The  numbers  were  of  necessity  small,  therefore 
much  weight  cannot  be  placed  on  the  results,  but  they  are  presented  for 
whatever  worth  they  may  have. 

The  peas  from  the  sand  plot  produced  the  smallest  plants,  while 
those  from  the  manured  plots  produced  the  largest.  This  may  be  due 
in  part  to  the  difference  in  size  of  seed.  The  seed  produced  on  the  sand 
plot  was  smaller  than  that  on  the  other  plots.  On  the  other  hand,  the 
seed  grown  on  the  untreated  plot  was  larger  than  that  of  the  heavily  fer- 
tilized plot,  so  that  all  of  the  difference  in  size  of  plants  cannot  be  due  to 
size  of  seed,  for  the  seed  on  the  manured  plot  averaged  lower  in  weight 
than  that  of  the  ordinary  plot. 

The  constants  have  been  calculated  for  the  crop  from  the  ordinary 
and  the  manured  plots,  but  there  were  too  few  individuals  in  the  crop 
from  the  sand  plot.  The  means  for  the  different  characters  have  been 
calculated,  however,  and  will  show  to  a  certain  extent  that  these  plants 
are  smaller. 

Height. —  The  plants  were  harvested  and  the  data  taken  the  same  as 
on  the  other  peas  described.  The  results  for  this  character  are  given 
in  Table  26. 

Table  26. —  Showing  Variation  in  Height  of  Peas  Grown  on 
Ordinary  Soil  from  Seed  Produced  Under  Different  Condi- 
tions S^A  from        Seed  from 

ordinary  manured 

One  unit  =  one  centimeter      ^^^faJ^g^^-  ^^""^^ 

Number 82  86 

Mode 67-71  71 

Mean   68.512  68.535 

P.  E.  of  mean ±.805  ±.781 

Stand.  Dev 10.814  10.743 

P.  E.  of  Stand.  Dev ±.570  ±-553 

Coef.  of  Var. 15. 784  ^5673 

P.  E.  of  C ±.852  ±.8:^^ 

21                                                                            ===  ===== 
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In  regard  to  this  character,  the  mean  is  only  slightly  higher  in  the 
case  of  seed  from  the  manured  plot  on  the  ordinary  soil,  than  that  of 
the  seed  from  the  ordinary  plot  on  the  ordinary  soil,  while  the  standard 
deviation  and  coefficient  of  variability  is  less.  The  range  in  height  is  f  rc«n 
24.5  centimeters  to  88.5  centimeters  on  the  ordinary  plot,  and  from  41.0 
centimeters  to  89.5  on  the  manured  plot.  Thus,  the  range  is  greater  in 
the  case  of  seed  from  the  ordinary  plot  on  ordinary  soil  than  with  seed 
from  the  manured  plot  on  the  ordinary  soil. 

Number  of  internodes, —  The  data  showing  the  variation  in  the  num- 
ber of  internodes  are  given  in  Table  27. 

Ta'ble  27. —  Showing  Variation  in  Number  of  Internodes  of 
Peas  Grown  on  Ordinary  Soil  from  Seed  Produced  Under  Dif- 
ferent Conditions 

One  unit  =  one  internode 

Number  , 

Mode  

Mean  , 

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev 

Coef.  of  Van 

P.E.of  C 


The  range  in  number  of  internodes  of  plants  grown  from  seed  from 
these  two  sources  is  11  to  20  from  the  seed  from  the  ordinary  plot  and 
10  to  23  from  seed  grown  on  the  manured  plot  for  one  generation.  The 
mean  is  only  slightly  higher  in  the  plants  grown  from  seed  produced 
from  the  highly  fertilized  plot.  The  standard  deviation  and  coefficient 
of  variability  are  both  higher  in  plants  grown  from  this  plot.  The 
standard  deviation  increases  from  1.8821!:: .099  to  2.408^.124  and  the 
coefficient  of  variability  from  12. 113 ±648  to  15.351  ±808. 

Number  of  pods. —  The  number  of  pods  produced  was  not  large  in 
either  case  as  the  conditions  for  the  development  were  not  favorable 
The  range  on  the  two  plots  was  i  to  5  in  each  case.  The  curves  were 
decidedly  skew,  the  mode  being  at  one  pod  for  both  plots.  The  data  for 
this  character  is  given  in  Table  28. 


Seed  from 

ordinary  ^ 

plot  on  oral* 

nary  soil 

Seed  from 
manured 
plot  on  ordi- 
nary soil 

86 

15 

15.537 

±.140 

I.8S2 

15 
15.686 

±.175 
2.408 

±.099 

±.124 

12. 113 

±.648 

15.351 
±.808 

Digitized  by  VjOOQIC 


Studies  of  Variation  in  Plants  643 

Table  28. —  Showing  Variation  in  Number  of  Pods  of  Peas 
Grown  on  Ordinary  Soil  from  Seed  Produced  Under  Different 
Conditions 

Seed  from  Seed  from 

ordinary  manured 

One  unit  =  one  pod  ^^}^^^'  ^2l2?°'?' 

r                           nary  loil  nary  soil 

Number 81  86 

Mode  I  1 

Mean  2.025  a.209 

P.  E.  of  mean ^.079  ±.089 

Stand.  Dev 1 .054  i  .221 

P.  R  of  Stand.  Dev ±.056  ±.063 

Coef.  of  Var 5^.049  55-274 

P.  K  of  C ±3.425  ±3.608 


The  mean  number  of  pods  increases  as  we  pass  from  the  plot  grown 
from  the  seed  produced  on  the  ordinary  plot  to  the  plot  grown  from  the 
seed  produced  on  the  manured  soil.  The  standard  deviation  increases 
also,  being  1.0541^.056  in  the  one  case  and  1.221^.063  ^^  the  other.  The 
coefficient  of  variability  shows  still  more  of  an  increase,  being 
52.049^3.425  and  55.274if; 3.608,  respectively. 

Number  of  peas. —  The  number  of  peas  per  plant  was  determined  on 
each  plot  and  is  given  in  the  following  table  (Table  29).  The  range 
was  I  to  8  seed  on  the  plot  grown  from  seed  produced  on  the  ordinary 
soil  the  generation  before,  and  o  to  9  on  the  plot  grown  from  seed  pro- 
duced on  the  manured  soil.    The  classes  were  not  doubled  in  this  table. 

Table  29. —  Showing  Variation  in  Number  of  Peas  Per  Plant 
Grown  on  Ordinary  Soil  from  Seed  Produced  Under  Different 
Conditions 

One  unit  =  one  seed 

Number • •• 

Mode   

Mean 

P.  E.  of  mean 

Stand  Dev 

P.  E.  of  Stand.  Dev 

Coef.  of  Var 

P.Kof  C 

The  mode  is  at  three  in  each  case ;  that  is,  more  plants  produced  three 
seed  than  any  other  one  number.  The  mean  is  larger  on  the  plot 
produced  from  seed  from  the  manured  plot  than  on  that  of  the  other 
being  3.221^.108  as  against  2.7681H.097.     The  standard  deviation  also 
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Seed  from 

Seed  from 

ordinary 

manured 

plot  on  ordi- 

plot on  ordi- 

nary BoU 

nary  soU 

82 

86 

3 

3 

2.768 

3.221 

±.097 

±.108 

1.300 

1.482 

±.068 

±.076 

46.965 

46.011 

2.969 

±2.823 
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increases,  being  1.3001*1.068  on  the  first  plot  and  1.482  h- .076  on  the 
other  plot.  The  coefficient  of  variability  decreases  slightly  owing  to  the 
greater  increase  in  the  mean  than  in  the  standard  deviation. 

Yield. —  The  data  giving  the  constants  for  yield  are  given  in  Table  30. 
The  classes  are  arranged  so  that  the  magnitude  of  each  class  is  .2  graxn. 
The  range  is  greater  for  the  plants  grown  from  the  seed  from  the 
manured  plot.  The  mean  for  the  plants  grown  from  the  ordinary  plot 
seed  is  .529^.017  gram  and  that  for  the  plants  grown  from  the  manured 
plot  seed  is  .632^.019  gram.  The  standard  deviation  also  shows  an 
increase  for  the  manured  plot  seed,  as  it  is  .232^.012  against  .260 ztz 
.013.  The  coefficient  of  variability  is  43.856zt2.719  as  against  41.139-*- 
2.462,  showing  a  loss  for  the  plants  from  the  manured  plot  seed. 

Table  30. —  Showing  Variation  in  Yield  of  Peas^Grown  on  Ordi- 
nary Soil  from  Seed  Produced  Under  Different  Conditions 

Seed  from        Seed  from 
ordinary  manured 

One  unit  =  one- tenth  gram  ^^^i??Sn^'  ^al^^Sf*" 

Number 82  85 

Mode   .5  .7 

Mean    .529  .632 

P.  E.  of  mean ±.017  ±.019 

Stand.  Dev .232  .260 

P.  E.  of  Stand.  Dev ±.012  ±.013 

Coef.  of  Var 43856  41 .  139 

P.  E.  of  C ±2.719  ±2.462 


We  have  now  observed  five  different  characters  of  these  plants  grown 
from  seed  produced  under  different  conditions.  The  number  of  indi- 
viduals studied  is  small  and  one  cannot  draw  conclusions  from  this  data, 
but  they  offer  some  suggestions  of  interest  and  it  was  thought  well  to 
give  the  evidence  here.  We  have  summed  up  these  results  showing  the 
effect  on  the  mean,  the  standard  deviation  and  the  coefficient  of  variabil- 
ity. In  the  table  of  means,  we  shall  give  the  results  from  the  sand  plot 
also. 


Table  31. —  Showing  the  Means  for  Plants  Grown  on  Ordinary 
Soil  from  Seed  Produced  Under  Different  Conditions 


Sand 
Character  plot 

Height    46.013 

No.  internodes    14.667 

No.   pods    1-874 

No.    peas    2. 242 

Yield 330 


Ordinary 
plot. 

Gain  of 

ordinary 

over  sand 

Manured 
plot 

Gain  of 
manured 

over 
ordinary 

Gain  of 

manured 
over  sand 

68.512 

22.502 

68.535 

.023 

22.525 

15.537 

.870 

15.686 

.149 

1. 019 

2.025 

.151 

2.209 

.184 

.335 

2.768 

.526 

3-221 

.453 

-979 

.529 

.199 

.632 

-■' 

.103 

.302 

Digitized  by  VjOOQIC 


Studies  of  Variation  in  Plants 


645 


The  table  shows  a  very  gradual  increase  as  we  pass  from  the  plants 
grown  from  the  sand  seed  to  those  from  the  ordinary  soil  seed  and  the 
manured  soil  seed.  The  size  of  the  seed  may  be  a  cause  for  this  and 
very  likely  is  in  part,  yet  as  stated  above  it  is  hardly  possible  that  all  of 
the  gain  is  due  to  ihis  cause,  especially  in  the  plahts  grown  from  the 
manured  plot  seed.  The  seeds  selected,  unfortunately,  were  not  weighed, 
but  average  seeds  were  taken  in  the  cases  of  the  ordinary  soil  seed  and 
the  manured  plot  seed. 

We  shall  present  the  change  occurring  in  the  standard  deviations  in 
plants  grown  from  seed  produced  on  the  ordinary  soil  plot  and  the 
manured  plot  in  the  following  table : 

Table  32. —  Showing  the  Standard  Deviations  for  Plants  Grown 
Soil    from     Seed    Produced    Under    Different 


on     Ordinary 
Conditions 

Seed  from 
ordinary 
plot  on  ordi- 
nary soil 

Height 10.814 

No.  internodes   i  .882 

No.   pods    1.054 

No.  peas  i  .300 

Yield .232 


Seed  from 
manured 
plot  on  ordi- 
nary soil 

10.743 

2.408 

1. 221 

1.482 

.260 


Gain  of 

manured 

seed  over 

ordinary  seed 

—.071 

.526 

.167 

.182 

.028 


We  see  that  in  four  characters  out  of  five  there  is  an  increase  in  the 
standard  deviation  with  the  plants  produced  by  seed  from  the  manured 
plot  of  the  first  generation.  From  this  slight  evidence  it  appears  that 
these  plants  are  the  more  variable  when  we  use  the  standard  deviation 
as  an  index  of  variability. 

The  next  table  (Table  33)  shows  the  coefficients  of  variability  of  the 
different  characters  of  peas  grown  on  ordinary  soil  from  seed  produced 
on  the  ordinary  and  manured  plots : 


Table  33. —  Showing  the  Coefficients  of  Variability  for  Plants 
Grown  on  Ordinary  Soil  from  Seed  Produced  Und^r  Different 
Conditions 

Seed  from 
ordinary 
plot  on  ordi- 
nary soil 

Height 15784 

No.  internodes   12. 113 

No.   pods    52.049 

No.  peas 46.965 

Yield 43.856 


Seed  from 
manured 
plot  on  ordi- 
nary soil 

Gain  of 

manured 

seed  over 

ordinary  seed 

15.675 

—  .lOQ 

15.351 

3.238 

55.274 

3.225 

46.011 

-.954 

41 ■ 139 

—2.717 
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From  the  table  we  see  that  with  three  of  the  characters,  namely, 
height,  number  of  seed  per  plant,  and  yield,  there  is  a  loss  in  the  coeffi- 
cient of  variability  in  the  case  of  the  plants  grown  from  seed  from 
the  manured  plot.  The  characters,  such  as  number  of  internodes  and 
number  of  pods,  show  an  increase  with  the  plants  from  this  seed.  The 
coefficient  of  variability  does  not  increase  as  does  the  standard  deviation, 
and  judging  from  this  there  is  less  variation  among  the  plants  grown 
from  the  seed  from  the  manured  plot. 

THE  STUDIES  WITH  BUCKWHEAT 

The  plants  were  studied  in  similar  manner  to  the  peas.  The  seed 
was  a  very  uniform  lot  and  will  show  in  general  what  we  may  expect  in 
studying  variation  in  plants  grown  from  seed  obtained  in  a  similar  man- 
ner. The  buckwheat  is  not  such  a  desirable  plant  to  work  with  as  the 
pea,  since  it  is  of  the  indeterminate  inflorescence  type. 

The  soils  were  analyzed,  and  the  table  of  analyses  shows  that  the 
organic  matter  and  nitrogen  are  much  higher  in  the  better  soil,  while 
there  is  more  potassium  and  phosphorus  in  the  farm  soil.  Generally 
speaking,  however,  the  garden  soil  is  considered  the  more  fertile. 

The  means  will  be  seen  to  be  smaller  in  most  cases  on  the  garden 
soil.  This  is  probably  due  to  two  factors,  which  may  also  aflfect  the 
variability,  and  doubtless  do  so.  The  location  of  the  rich  soil  plot  was 
such  that  the  plants  were  shaded  part  of  each  day  and  thus  grew  very 
rank  and  rather  weak.  When  the  plants  were  flowering  well  a  rain  and 
wind  storm  swept  over  these  plots  and  twisted  and  blew  down  the  plants 
so  that  they  were  injured  very  much.  This  made  it  hard  to  obtain  good 
plants  for  the  measurements  and  possibly  affected  the  variation.  The 
yield  was  cut  down  and  all  in  all  the  plants  were  not  so  large  as  the 
ones  growing  on  the  farm  soil. 

These  plots  were  in  the  Plant-Breeding  garden  of  the  Experiment 
Station  and  on  the  farm  known  as  the  Mitchell  farm.  For  the  sake  of 
convenience  the  plots  may  be  called  the  farm  plot  and  the  garden  plot. 

Such  characters  a^  height,  number  of  branches,  length  of  first  in- 
ternode,  and  yield  were  taken.  The  height  was  taken  in  centimeters 
and  the  yield  in  grams.    The  results  for  the  two  varieties  follow. 

SILVER  HULL 

Height — The  results  for  height  of  the  plants  on  the  two  plots  of 
Silver  Hull  are  shown  by  Figure  248  and  Table  34.  The  plants  range  from 
37.5  centimeters  to  164.5  centimeters  in  height  on  the  farm  plot,  and 
from  37.0  centimeters  to  190.0  centimeters  on  the  garden  plot.  The 
range  is  much  greater  on  the  garden  soil  and  shows  a  tendency  to  wander 
from  the  type. 
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Table  34. —  Showing  the  Variation  in  Height  of  Silver  Hull 
Buckwheat  When  Grown  Under  Different  Soil  Conditions 

One  unit  =  one  centimeter  ^^  ^"^^^ 

Number 303      '  331 

Mode  125  105 

Mean 120.050  112.764 

P.  E.  of  mean ±.727  ±.890 

Stand  Dev 18.772  24.018 

P.  E.  of  Stand.  Dev ±.Si4  ±.630 

Coef.  of  Var 15.637  21.299 

P.  E.  of  C ±.439  ±.583 


We  see  by  this  table  that  the  mode  and  the  mean  are  both  higher 
on  the  farm  soil,  as  has  been  mentioned  above.  The  standard  deviation 
increased  from  18.772  it  .5 14  to  24.01 81*1.630,  and  the  coefficient  of 
variability  increased  from  15.637=^.439  to  21.299=^ .583.  The  variability 
is  much  higher  on  the  garden  soil. 


^s 


Fig.  248. 
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Variation  in  height  of  Silver  Hull  buckwheat^ 

from  different  plots  Digitized  by  vjOOQ IC 
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Number  of  branches. —  The  number  of  main  branches  was  counted 
and  the  results  are  shown  by  Figure  249  and  Table  35.  The  number  of 
branches  ranges  from  o  to  9  on  the  farm  soil  and  o  to  8  on  the  garden 
soil.    The  range  is  seen  to  be  less  on  the  garden  soil. 
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Fig.  249.     Variation  in  number  of  branches  of  Silver  Hull 
buckwheat  from  different  plots 


Table  35. —  Showing  the  Variation  in  Number  of  Branches  of 
Silver  Hull  Buckwheat  When  Grown  Under  Different  Soil 
Conditions. 

One  unit  =  one  branch  ^{^           ^^J" 

Number   303                33i 

Mode  5                    5 

Mean   5. 152             4-758 

P.  E.  of  mean ±  .051            ^049 

Stand.  Dev i  .321              1 .320 

P.  E.  of  Stand  Dev ±.036           ±.035 

Coef.  of  Var 25.641           27.743 

P.  E.  of  C ±.748            :t.78i 
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The  mode  is  the  same  for  two  plots,  but  the  mean  decreases  on  the 
good  soil.  The  standard  deviation  is  practically  the  same  for  both  plots, 
but  the  coefficient  of  variability  increases  on  the  richer  soil,  being  25.641 
±.748 on  the  poor  soil  and  27.743 it .781  on  the  richer. 

Length  of  first  internode, —  The  length  of  the  first  internode  was 
measured  in  centimeters  and  the  results  of  this  data  are  shown  by 
Figure  250  and  Table  36.  The  range  in  length  is  .8  to  11.2  centimeters 
from  the  plants  on  the  farm  plot  and  .6  to  15.5  centimeters  on  the 
garden  plot.    The  range  is  very  much  greater  on  the  rich  soil  plot. 
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Fig.  250.     Variation  in  length  of  first  internode  of  Silver 
Hull  buckwheat  from  different  plots 

Table  36. —  Showing  the  Variation  in  the  Length  of  the 
First  Internode  of  Silver  Hull  Buckwheat  When  Grown  Under 
Different  Soil  Conditions 

One  unit  =  one  centimeter 

Number   303 

Mode  

Mean   

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev 

Coef.  of  Var 


Farm 
plot 

.   Garden 
plot 

J03 

331 

4.5 

4.5 

4.546 

5.298 

±.061 

±.072 

1.583 

1. 941 

-•^43G0^^ 
34.822             Z^Cb^^ 

P.  E.  of  C ±1 .064 


:i.o8i 
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In  this  table  we  find  the  modes  at  the  same  place,  but  the  mean 
increases  with  the  food  supply,  being  4.5461^.061  on  the  poor  soil  and 
5.298±.072  on  the  richer  soil.  The  standard  deviation  increases  from 
i.S83±:.043  on  the  poor  soil  to  i.94i±.oSi  on  the  good  soil,  and  the 
coefficient  of  variability  increases  from  34.822^1.064  to  36.636^1.081. 
This  character  has  a  high  coefficient  of  variability. 

Yield. —  The  yield  has  been  obtained  by  weighing  all  the  good  seed 
produced.  The  classes  are  made  large  because  of  the  range  being  so 
great.  The  curves  are  skew,  showing  a  positive  skewness.  The  results 
from  the  data  on  yield  are  indicated  by  Figure  251  and  Table  37. 
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Fig.  251.    Variation  in  yield  of  Silver  Hull  buckwheat 
from  different  plots 


Table  37. —  Showing  the  Variation  in  Yield  in  Grams  of  Silver 
Hull  Buckwheat  When  Grown  Under  Different  Soil  Condi- 
tions 

One  unit  =  one  gram  ^^^ 

Number  298 


Mode  

Mean   

P.  E.  of  mean. 
Stand.  Dev.  . . . 
P.  E.  of  Stand. 
Coef.   of  Var.. 


7 

9.396 

±.207 

5. 286 

±.146 

56.258 

P.  E.  of  C ±1.986 


Dev. 


Garden 
plot 

331 

3 

6.813 
±.178 

4.802 

±.126 

70.483 

±2.607 
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This  table  shows  that  the  mode  and  the  mean  are  both  smaller  on 
the  richer  soil.  The  standard  deviation  is  less  on  the  good  soil  plot, 
being  4.802^.126  as  against  5.286^.146  on  the  poor  soil.  The  coeffi- 
cient of  variability  is  higher,  however,  due  to  a  much  smaller  mean  on 
the  better  soil.  The  coefficient  of  variability  is  56.258=*!  1.986  on  the  poor 
soil  and  70.483  it  2.607  ^^  ^he  good  soil.  This  coefficient  of  variability 
is  very  high  but  this  is  necessarily  the  case  considering  the  nature  of 
the  material. 


JAPANESE  BUCKWHEAT 

The  results  from  the  Japanese  were  very  similar  to  those  of  the  Silver 
Hull.    The  following  tables  will  set  forth  in  detail  the  results  obtained. 

Height, —  The  variation  in  height  on  these  plots  is  shown  by  Figure 
252  and  Table  38.  The  range  in  height  is  22.5  to  154.0  centimeters  on  the 
farm  plot  and  65.0  to  167.5  centimeters  on  the  garden  plot.  The  range 
is  greater  on  the  farm  plot  than  on  the  better  soil. 
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Table  38. —  Showing  Variation  in. Height  of  Japanese  Buck^jvhe-xt 
When  Grown  Under  Different  Soil  Conditions 

One  unit  =  one  centimeter                        ^^™  ^2^"* 

Number 510  294 

Mode 105  105 

Mean   103.294  1 1 1 . 293 

P.  E.  of  mean ^.532  zt.pr™ 

Stand.  Dev 17.824  19.748 

P.  E.  of  Stand.  Dev ±-376  :±r .549 

Coef.  of  Var 17.256  17.744 

P.  E.  of  C ±.375  =ti.509 


The  mode  is  at  105  centimeters  in  each  plot,  but  the  mean  increases 
with  the  nutrition.  The  standard  deviation  and  coefficient  of  varia- 
bility both  increase  as  the  food  supply  is  increased.  The  gain  in  the 
coefficient  of  variability  is  much  less  than  that  of  the  standard  deviation. 
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Fig.  253. 
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Variation  in  number  of  branches  of  Japanese 
buckwheat  from  different  plots 


Number  of  branches. —  The  number  of  branches  was  counted  as  in  the 
Silver  Hull  variety  and  the  data  are  shown  by  Figure  253  and  Table 
39.  The  range  in  number  of  branches  is  o  to  11  on  the  poorer  soil  and 
I  to  9  on  the  richer  soil.    Again  the  range  is  greater  on  the  farm  plot 
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Table  39. —  Showing  Variation  in  the  Number  of  Branches 
OF  Japanese  Buckwheat  When  Grown  Under  Different  Soil 
Conditions 

One  unit  =  one  branch 

Number 510 


Mode   

Mean   

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev. 

Coef  of  Var 

P.  E.  of  C 


Parin 

Garden 

plot 

plot 

JIO 

294 

6 

6 

6.043 

5.333 

±.047 

±  .057 

1.572 

1-454 

±033 

±.040 

26.014 

27.264 

±.586 

±.813 
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Fig.  254. 


Variation  in  length  of  first  internode  of  Japan- 
ese buckwheat  from  different  phis 


The  mode  is  at  six  branches  in  each  plot,  but  the  mean  is  less  on 
the  better  soil,  being  5-333 zt .057  as  against  6.043 ±.047  ^^  ^^^  P^^^ 
soil.  The  standard  deviation  is  less  on  the  better  soil,  but  the  coefficient 
of  variability  is  greater.  The  standard  deviation  is  1.4541*7. -040  on  the 
good  soil  and  1.572  Hz  .033  on  the  poor  soil,  while  the  coefficfent  of 
variability  is  26.014^. 586  on  the  poor  soil  and  27.264111 .813  on  the 
good  soil. 

Length  of  first  internode. —  The  length  of  the  first  internode  was 
obtained  th«  same  as  for  the  previous  variety.     The  results  are  shown 
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by  Figure  254  and  Table  40.    The  range  is  .7  to  12.3  centimeters  on  the  I 
poor  soil  and  1.7  to  17.8  centimeters  on  the  good  soil.     The    range   is 
much  greater  on  the  richer  soil.  1 

1 
Table  40. —  Showing  Variation  in  the  Length  of  First  Internode 
FROM  Japanese  Buckwheat  When  Grown  Under  Different  Soil 
Conditions 

One  unit  ==  one  centimeter 

Number 510 

Mode 

Mean 

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand.  Dev 

Coef.   of  Var 

P.  E.  of  C 


Farm 

Garden 

plot 

plot 

510 

294 

35 

7.5 

4.382 

7-823 

±.052 

It.  103 

1.738 

2.615 

^.037 

±.073 

39.662 

33-4^7 

±.q6i 

Itl.028 

The  mode  and  the  mean  increase  with  the  food  supply.    The  mode 
increases  from  3.5  to  7.5  centimeters  and  the  mean  from  4.382^^.052  to 
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Fig.  255.     Variation  in  yield  of  Japanese  buckwheat  from 
different  plots 

7.823 ±.103  centimeters.  The  standard  deviation  shows  a  marked  in- 
crease, being  1.7381^.037  on  the  poor  soil  and  2.615^.073  centimeters  on 
the  good  soil.  The  coefficient  of  variability,  on  the  other  hand,  shows  a 
decrease,  as  it  is  39.6621+=  .961  on  the  farm  plot  and  33.42^-h-i.<MjB  on 
he  better  fertilized  plot.  Digitized  bT^^^DOgfC 
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Yield. —  The  yield  is  much  more  variable  than  the  other  characters. 
The  results  for  these  two  plots  are  given  by  Figure  255  and  Table  41. 
The  range  is  .350  to  77.600  grams  on  the  poor  soil  and  .260  to  38.790 
grains  on  the  garden  soil,  the  range  being  much  greater  on  the  poor  soil. 
In  calculating  the  constants  for  the  farm  plot,  one  individual  at  77.6 
grams  was  omitted. 

Table  41. —  Showing  Variation  in  Yield  of  Japanese  Buckwheat 
When  Grown  Under  Different  Soil  Conditions 

One  unit  =  one  gram  ^^  G«jd« 

N  umber 508  294 

Mode   18&22  10 

Mean   23.291  12.041 

P.  E.  of  mean ±.37^  ±.298 

Stand.  Dev 12.573  7-572 

P.  E.  of  Stand.  Dev ±.266  ±.211 

Cocf.  of  Var 53982  62.885 

P.  R  of  C ±1 .437  ±2.340 


Here  we  see  that  the  mode  and  the  mean  are  both  less  on  the  richer 
soil  than  on  the  poor  soil.  The  mode  is  at  10  grams  on  the  good  soil 
as  against  18  and  22  grams  on  the  poor  soil.  The  mean  decreases  from 
23.2911*1 -376  to  12.041  ±[.298  grams.  The  standard  deviation  in  grams 
is  less  also,  as  it  is  12.573 ±1.266  on  the  poorer  soil  and  7.572=b.2ii  on 
the  good  soil.  The  coefficient  of  variability,  on  the  other  hand,  is 
higher  on  the  rich  soil.  This  coefficient  increases  from  53.982  ±1437 
on  the  farm  plot  to  62.885^2.340  on  the  garden  soil. 

discussion  of  variation  in  buckwheat 
We  have  now  considered  four  characters  for  each  of  two  varieties 
of  buckwheat.  The  results  reveal  that  in  general  the  means  are  lower 
on  the  better  soil,  due  mainly,  the  author  thinks,  to  the  reasons  stated 
above,  namely,  that  the  plants  on  the  good  soil  were  shaded  about  one- 
half  of  each  day,  and  that  the  storm  damaged  those  on  the  better  soil. 
The  table  (Table  42)  given  below  will  show  the  means  for  the  different 
characters  of  the  plants  from  the  old  plots : 

Table  42. —  Showing  the  Effect  of  Fertility  on  the  Means 
FOR  the  Different  Characters  of  Buckwheat  Grown  Under 
Different  Soil  Conditions  Silver  Hull 

Farm  Garden      Gain  of  gar- 

Character  plot  plot      den  over  farm 

Height  in  centimeters 120.050  112. 76^^       —7.286 

No.  of  branches S-iS^  '        4.7^00gU^ 

Length  of  first  internodc  in  centimeters 4-546  5-298                -752 

Yield  in  grams 9396  6.813          —2.583 
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Farm 
Character  plot 

Height  in   centimeters 103 .294 

No.  of  branches 6.043 

Length  of  first  internode  in  centimeters 4.382 

Yield  in  grams 23.291 


Japanese 


Garden 
plot 

Gain  of  fjar- 
den  over  fane 

III. 293 

7.99) 

5.333 

—  .710 

7.&23 

3-441 

12.041 

— 11.-250 

This  table  reveals  very  unsatisfactory  results  and  not  what  we  should 
expect.  As  the  food  supply  is  increased,  we  look  for  some  increase  in 
the  size  of  the  plants  as  a  rule.  The  other  factors  mentioned  above 
must  influence  this  very  greatly. 

Effect  of  increased  food  supply  on  the  standard  deviation, —  The 
standard  deviations  of  the  different  characters  are  affected  by  the  food 
supply.  The  following  table  (Table  43)  will  reveal  the  effect  of  fer- 
tility on  the  standard  deviation: 

Table  43. —  Showing  the  Effect  of  Fertility  on  the  Stand- 
ard Deviation  of  the  Different  Characters  of  Buckwheat 
Grown  Under  Different  Soil  Conditions 

Farm 
Character  plot 

Height  in  centimeters 18.772 

No.  of  branches i  .321 

Length  of  first  internode  in  centimeters 1.583 

Yield  in  grams 5.286 

Height  in  centimeters 17.824 

No.  of  branches 1 .572 

Length  of  first  internode  in  centimeters 1-738 

Yield  in  grams 12.573 


Silver  Hull 

Garden          Gain  of  gar- 

plot           den 

over  lam 

24.018 

5.246 

1.320 

—  .001 

1.941 

.3'^ 

4.802 

-.484 

Japanese 

19.748 

1.924 

1.454 

—.118 

2.615 

.877 

7.572 

—5.001 

In  this  table  we  find  that  in  one-half  of  the  characters  the  standard 
deviation  is  increased  as  the  fertility  increases,  and  in  the  other  half 
there  is  a  decrease.  With  each  variety  the  standard  deviation  for  height 
and  length  of  first  internode  is  increased,  while  that  for  the  number 
of  branches  and  yield  is  decreased. 

Effect  of  increased  food  supply  on  the  coefficient  of  variability, —  The 
coefficient  of  variability  depends  so  much  upon  the  mean  that  it  shows 
very  different  results  and  does  not  follow  the  standard  deviation  in  every 
case.  The  following  table  (Table  44)  will  show  the  influence  that 
nutrition  has  upon  the  coefficient  of  variability. 
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Table  44. —  Showing  the  Effect  of  Fertility  on  the  Coeffi- 
CJENT  OF  Variability  of  the  Different  Characters  of  Buck- 
wheat Grown  Under  Different  Soil  Conditions 

Silver  Hull. 

Farm  Garden        Gain  of  gar- 

Cnaracter  plot  plot       den  over  farm 

Height 15.637  21.299  5.662 

No.    of   branches 25.641  27.743  2.102 

Length  of  first  intemode 34.822  36.636  1.814 

Yield 56.258  70.483  14.225 

Japanese 

Height 17.256  17-744  .488 

No.    of   branches 26.014  27.264  1.250 

Length  of  first  internodc 39.662  33.427         — 6.235 

Yield 53.982  62,885  8.903 


In  this  table  we  find  that  the  coefficient  of  variability  is  increased 
in  seven  out  of  eight  cases.  On  the  Japanese  plot  grown  on  the  good 
soil  there  is  a  decrease  in  variability  of  6.235  ^^^  ^^e  average  length  of 
internode.  The  yield  shows  the  greatest  variability  and  seems  to  be 
more  sensitive  to  increased  food  supply  as  the  gain  on  the  two  plots  is 
larger  than  for  any  other  character.  The  coefficient  of  variability  for 
the  number  of  branches  shows  a  good  increase,  due  to  food  supply,  and, 
evidently  is  quite  sensitive  to  increased  nutrition. 

CORRELATIONS  IN  BUCKWHEAT 

A  number  of  correlation  tables  for  different  characters  of  buckwheat 
have  been  arranged  and  the  correlation  coefficients  determined.  These 
are  height  and  yield,  height  and  number  of  branches,  number  of  branches 
and  yield,  length  of  first  intemode  and  number  of  branches,  and  length 
of  first  internode  and  yield.  These  were  made  for  the  purpose  of  de- 
termining the  relation  that  exists  between  the  different  characters,  and 
to  learn  what  influence  the  food  supply  may  have  on  this  correlation. 

Silver  hull  variety 

Height  and  yield. —  The  tables  showing  the  correlation  between  height 
and  yield  are  arranged  with  height  as  subject  and  yield  relative.  The 
classes  of  height  are  of  10  centimeters  each  and  the  classes  of  yield 
are  of  2  grams  each  for  the  Silver  Hull.  The  classes  for  each 
plot  are  of  the  same  size,  that  is,  of  the  same  magnitude.  The 
correlation  coefficients  of  the  two  plots  are  .5031^.030  and  .544±.026, 
showing  a  fair  correlation  between  height  and  yield.  This  is  not  a  high 
degree  of  correlation,  but  is  very  good.  The  correlation  from  the  good 
soil  is  slightly  higher  than  on  the  poor  soil.  These  tables^re  shown 
by  Figures  256  and  257.  '  ^'^'^'^^^  by  LjOOgle 
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Height  and  number  of  branches, —  The  correlation  between  height  and 
number  of  branches  has  been  determined  and  is  shown  by  Figures  258 
and  259.    The  height  is  arranged  the  same  as  in  the  preceding  tables. 
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Fig.  256. —  Correlation  between  height  and  yield  of  Silver  Hull  buckwheat 
from  the  farm.    Height  subject,  yield  relative;  r  =  .503  ±.  .030 

The  correlation  coefficient  for  the  two  plots  is  465^.030  and  .448^1.030. 
This  is  not  a  high  degree  of  correlation  and  is  not  as  high,  possibly,  as 
we  should  expect  from  the  nature  of  the  characters.  The  correlation 
coefficient  is  slightly  higher  on  the  poor  soil. 
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Pig.  257.—  Correlation  between  height  and  yield  of  Silver  Hull  buckwheat  from 
the  garden.    Height  subject   yield  relative;  r:=.544  — -026 
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Number  of  branches  and  yield. —  The  tables  (Figs.  260  and  261 )  show 
the  correlation  betvveeen  the  number  of  branches  and  the  yield  and  show 
less  correlation  than  height  and  yield.  We  should  expect,  as  a  rule, 
that  the  plants  with  the  most  branches  would  give  us  the  highest  yield. 
The  coefficients  for  the  two  plots,  432 it -032  and  .4S4ih.029,  are  rather 
low  for  these  characters.    The  correlation  here  is  higher  on  the  good  soil. 

Number  of  branches 
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Fig.  258. —  Correlation  between  height  and  number  of  branches 
of  Silver  Hull  buckwheat  from  the  farm.  Height  subject, 
number  of  branches  relative;  r  =  . 465  ±.030 

The  length  of  the  first  internode  and  number  of  branches. —  The 
tables  (Figures  262  and  263),  which  bring  out  th^  correlation  between 


Number  of  branches 

30.0-  400 

0X334      5678 

3 

3 

40.0-  so.o 

III 

3 

.  50.0-  60.0 

I      I      ? 

3 

tt 

60.0-  70.0 

I 

3 

3 

•Si 

70.0-  80.0 

353 

z 

10 

f 

80.0-  90.0 

364 

5      3 

19 

•^ 

90.0-xoo.o 

I      1      7    16 

x8      6      3 

53 

St 

xoo.o-xxo.o 

IXO. 0-130. 0 

I     10     13 

35     14       I 

64 
60 

j» 

336 

37     19       3       I 

130. 0-130.0 

I       5     10 

19     13       4 

51 

•« 

130. 0-140.0 

3 

X3         8                   3 

34 

•c" 

X40.0-X50.0 

I         I 

5831 

18 

:S 

X50. 0-160.0 

I 

IZ 

X60.0-X70.0 

3 

III 

5 

X70. 0-180.0 

I 

3 

I80.0-X90.0 

3 

3 

3       3     13     41     58    1X8     80     X3       4 

331 

Fig.  259. —  Correlation  between  height  and  number  of 
branches  of  Silver  Hull  buckwheat  from  the  garden. 
Height  subject  number  of  branches  relative;  r  =  .448 
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the  length  of  the  first  internode  and  the  number  of  branches,  are  very 
interesting.  Here  we  have  a  negative  correlation  on  one  plot  and  a 
slightly  positive  correlation  in  the  other.  This  indicates  that  the  first 
internode  may  be  an  index  of  the  type  of  plant,  for  if  the  first  inter- 
node is  long  then  there  may  be  fewer  internodes  and  nodes,  and  hence 
less  opportunity  for  the  formation  of  branches.    The  correlation  coeffi- 
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Fig.  260. —  Correlation  between  number  of  branches  and  yield  of 
Silver  Hull  buckwheat  from  the  farm.  Number  of  branches  sub- 
ject, yield  relative;  r=. 432  ±.032 

cients,  — .1691^.038  and  .013^.037,  are  not  large,  but  it  seems  that  the  one 
for  the  poorer  soil  is  quite  significant.  The  one  for  the  good  soil  is  very 
slight  and  does  not  have  much  significance,  except  that  we  have  less  cor- 
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Fig.  261. —  Correlation  between  number  of  branches  and  yield  of  Silver  Hull 
buckwheat  from  the  garden.  Number  of  branches  subject,  yield  relative; 
f  =  . 454  ±.029 
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relation  on  this  plot  than  on  the  poor  soil  from  the  fact  that  we  pass 
from  negative  correlation  on  the  poor  soil  to  positive  on  the  good  plot. 

Length  of  the  first  internode  and  yield. —  Because  of  the  fact  that 
there  is  a  correlation  between  the  number  of  branches  and  yield,  and 
a  negative  correlation  between  the  length  of  the  first  internode  (on  the 
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Fig.  262. —  Correlation  between  number  of  branches  and 
length  of  first  internode  of  Silver  Hull  buckwheat  from 
the  farm.  Length  of  first  internode  subject,  number 
of  branches  relative;  r  =  — .165^^  .038 

untreated  plot  especially),  we  should  expect  a  negative  correlation  be- 
tween the  length  of  the  first  internode  and  the  yield.  This  would  follow 
because  fewer  branches  result  in  smaller  yield.    We  get  a  negative  cor- 
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Fig.  263. —  Correlation  between  number  of  branches  and 
length  of  first  internode  of  Silver  Hull  buckwheat 
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relation  in  both  plots.  While  it  is  not  large  it  is  quite  significant,  espe- 
cially on  the  poorer  soil  (Figures  264  and  265).  The  correlation  coeffi- 
cients are — .1691*1.038  and  — .078^.037,  which  shows  that  there  is  a 
closer  correlation  between  these  two  characters  on  the  poorer  soil. 
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Fig.  264, —  Correlation  between  the  length  of  first  internode  and  yield  of 
Silver  Hull  buckwheat  from  the  farm.  Length  of  first  internode  subject 
yield  relative;  r  =  —  .169 ±.038 
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Japanese  Variety 

The  correlation  tables  for  the  Japanese  variety  have  been  arranged 
in  a  very  similar  manner  to  those  of  the  Silver  Hull. 

Height  and  yield. —  The  correlation  between  height  and  yield  for  this 
variety  is  shown  by  Figures  266  and  267.    There  is  more  difference  between 
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Fig.  266.—  Correlation  between  height  and  yield  of  Japanese  buckwheat  from  the 

farm.    Height  subject,  yield  relative;  r  =  .593  di  .019 

(One  weighing  77.  +  grams  omitted) 

the  two  plots  than  in  the  plots  of  the  Silver  Hull  variety.  The  correla- 
tion coefficients  for  the  two  plots  are  -593  ±.019  and  .3S4±.034.  Thus 
we  have  much  less  correlation  on  the  good  soil  than  on  the  poor  soil. 
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This  higher  coefficient  shows  a  very  good  correlation  for  these  charac- 
ters, but  the  one  for  the  better  fed  plants  is  rather  low  for  the  characters 
considered. 

Height  aivd  number  of  branches. —  The  correlation  between  heig^ht 
and  number  of  branches  is  shown  by  Figures  268  and  269.     The  coef- 

N umber  of  branches 


't 

^ 


Fig.  268. —  Correlation  between  height  and  number  of  branches  of 
Japanese  buckwheat  from  the  farm.  Height  subject,  number  of 
branches  relative;  r  =  . 576 ±.020 

ficients  for  the  two  plots  are  .S76±.020  and  .396^1.033  for  the  poor  and 
the  rich  soil  respectively.  This  correlation  corresponds  very  closely  to 
that  of  height  and  yield.  The  plants  from  the  highly  fertilized  plot  show 
much  less  correlation  than  those  from  the- poorer  soil. 
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Number  of  branches  and  yield. —  The  correlation  between  number 
of  branches  and  yield  is  higher  for  the  two  plots  than  that  of  height 
and  yield.    This  is  contrary  to  the  data  for  the  same  characters  from  the 
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Other  variety.  These  results  are  shown  by  Figures  270  and  271.  The  cor- 
relation coefficient  for  the  two  plots  are  .635  hh  018  and  .504  it -029.  The 
plants  from  the  farm  plot  show  the  higher  degree  of  correlation. 
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Length  of  first  internode  and  number  of  branches, —  The  results 
(Figures  272  and  273)  for  this  character  from  these  plots  are  very  similar 
to  those  for  the  same  characters  for  the  Silver  Hull  variety.  The  cor- 
relation coefficients  for  the  poor  and  the  good  soil  are  — .i54ziz-029  and 
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.029Hh.039,  respectively.  Thus  we  get  a  negative  correlation  from  the 
poorer  plot  and  a  slight  positive  correlation  on  the  fertilized  plot.  From 
the  data  on  the  poorer  plot  we  see  that  as  the  first  internode  becomes 
longer  there  is  a  tendency  to  produce  a  less  number  of  branches. 
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Length  of  first  internode  and  yield. —  The  data  show  that  wc  have 
a  negative  correlation  again  with  these  characters.     Thus,  as  the  first 
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Fig.  274, —  Correlation  between  length  of  first  internode  and  yield  of  Japanese 
buckwheat  from  the  farm.  Length  of  first  internode  subject,  yield  relative; 
r=  —  . 114  ±.030 

internode  tends  to  increase  in  length  fewer  branches  are  formed  and 
therefore  less  grain  per  plant.  The  coefficients  are  small,  but  are  signifi- 
cant as  indicating  what  we  may  expect.    The  coefficients  on  the  poor  and 
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the  good  soil  are  — .114111.030  and  — .031111.039  respectively.  We  have 
less  correlation  as  the  nutrition  is  increased.  These  results  are  shown  by- 
Figures  274  and  275. 

DISCUSSION    OF  THE   CORRELATION   IN   BUCKWHEAT 

We  find  that  the  correlation  for  the  same  characters  for  the  t^wo 
varieties  are  quite  similar.  The  change  in  the  amount  of  food  supply 
seems  to  exert  a  very  noticeable  influence  on  the  coefficient  of  correla- 
tion. As  the  food  supply  is  increased  there  is  a  tendency  to  more  varia- 
tion among  the  different  characters,  and  as  there  is  more  variation  there 
is  less  correlation  when  any  two  characters  are  plotted  together. 

In  general,  we  may  say  that  a  shorter  internode  gives  a  higher  yield, 
and  thus  we  may  select  high-yielding  plants  from  the  fields  by  choosing 
those  having  a  short  first  internode. 

The  following  table  (Table  45)  will  show  the  effect  that  increased 
nutrition  has  on  the  correlation  coefficient  of  these  different  characters : 

Table  45. —  Showing  the  Effect  of  Fertility  on  the  Correlation 
Coefficient  of  Different  Characters  of  Buckwheat 

Silver  Hull  variety 

Farm  Garden  Gain  of  gar- 
Character  plot  plot  den  over  farm 

Height  and  yield ; .503  -544  -041 

Height  and  No.  branches .465  .448  — .017 

No.  branches  and  yield .432  .454  -022 

Length  of  first  internode  and  No.  of  branches..  — .169  .013  — .182 

Length  of  first  internode  and  yield — .169  — .078  — .091 

Japanese  variety 

Height  and  yield .593  -354  —239 

Height  and  No.  branches .576  .396  —.180 

No.  branches  and  yield .635  .504  — .131 

Length  of  first  internode  and  No.  of  branches..  — .154  -029  — .i8j 

Length  of  first  internode  and  yield — .114  — .031  — .083 


From  the  column  giving  the  gain  of  the  garden  or  good  soil  over  the 
poor,  we  find  that  in  two  out  of  the  ten  cases  there  is  a  gain  for  the  better 
fed  plants,  but  the  other  eight  show  a  loss ;  or,  in  other  words,  there  is, 
in  general,  better  correlation  on  the  poorer  soil.  This  is  in  accordance 
with  the  results  obtained  from  the  peas. 


DISCUSSION  OF  RESULTS  WITH  BUCKWHEAT 

The  data  for  buckwheat  do  not  give,  in  general,  such  satisfactory 
results  as  those  for  the  peas.  The  other  factors  which  influenced  the 
growth  of  the  plants,  as  before  noted,  must  have  had  a  very  great  influ- 
ence on  the  plants  and  on  the  constants.    The  fact  that  we/dojiat,^A  an 
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increased  mean  with  increased  fertility  does  not  agree  with  the  results 
that  are  commonly  obtained.  The  fact  that  these  means  are  lower  also 
affects  the  coefficient  of  variability.  These  results,  however,  add  much 
evidence  with  respect  to  the  effect  of  food  supply  on  variation. 

The  coefficients  of  correlation  are  higher  on  the  poor  soil  than  on  the 
rich  soil,  due  to  a  combination  of  factors,  such  as  increased  variability  of 
the  characters  in  question;  that  is,  if  we  study  two  characters  that  are 
more  variable  on  fertile  soil,  we  should  expect  less  correlation  on  the  good 
soil  when  these  characters  are  put  in  a  correlation  table.  The  data  for 
the  buckwheat  would  not  be  conclusive  either  for  or  against  increased 
variability  with  an  increased  fertility,  but  considered  in  connection  with 
the  data  for  peas,  give  us  some  good  evidence  on  this  question. 

THE  STUDIES  WITH  CORN 

The  effect  of  nutrition  was  studied  on  two  characters  of  corn,  namely, 
number  of  ears  per  row  and  weight  of  ears  per  stalk.  The  number  of 
individuals  was  small  and  the  results  are  not  conclusive  in  the  least,  but 
offer  additional  evidence  on  the  question.  Another  criticism  on  the  use 
of  this  data  is  the  fact  that  the  plots  were  planted  by  the  ear-to-row  sys- 
tem, and  we  are  studying  progeny  from  different  individuals  in  the  two 
places  although  the  ears  were  all  of  the  same  variety.  One  side  of  the 
breeding  plot  was  fertilized,  therefore  part  of  the  rows  were  on  the 
fertilized  plot  and  part  on  the  unfertilized  plot  With  these  criticisms  in 
mind  the  data  will  be  offered : 

Table   46. —  Showing   the   Variation    of   Weight   of   Grain    Per 
Stalk  for  Corn  Grown  Under  Different  Degrees  of  Fertility 


Number  

Mode  

Mean   

P.  E.  of  mean 

Stand.  Dev 

P.  E.  of  Stand  Dev. 

Coef.   of  Var 

P.  E.  of  C 


The  table  shows  that  the  mean  increases  with  the  nutrition  from 
•933 ±.005  to  1. 022 it .009.  The  standard  deviation  increases  from 
•057zb.003  to  .i46±.oo6  and  the  coefficient  of  variability  from  6.109 
=t-3S9  to  14.286Hh.600.  The  increased  food  supply  has  a  very  notice- 
able effect  on  these  constants.    The  range  is  greater  on  the  richer  soil, 

♦These  weights  are  taken  in  pounds. 

Digitized  by  VjOOQIC 


XJpfnAnured 

Manured 

plot 

plot 

66 

134 

.925* 

.925 

.933 

1.022 

±.005 

±.009 

.057 

.146 

±.003 

±.006 

6.109 

14.286 

±.359 

±.6ao 

670  Bulletin  297 

but  this  is  possibly  due  in  part  to  the  larger  number  of    individuals 
studied.    However,  the  food  supply  must  be  the  main  cause. 

The  following  table  (Table  47)  shows  the  variation  with  respect  to 
the  number  of  ears  per  row : 

Table   47. —  Showing   the   Variation   in   Number  of    Ears    Po 
Row*  OF  Corn  Grown  Under  Different  Degrees  of  Fertility 

Untreated  Treated 

plot  plot 

Number 66  IS4 

Mode    51 .5&53.S  51.5 

Mean  52. 197  $3'^^^ 

P.  K  of  mean ±.337  ^1.285 

Stand.  Dev 4*053  4*967 

P.  E.  of  Stand.  Dev ±.238  ±.205 

Coef.  of  Var 7.765  9-334 

P.  E.  of  C ±.456  ±.385 

From  the  table  we  learn  that  the  mean  increases  over  <Mie  ear  per 
row  on  the  good  soil  and  that  the  standard  deviation  increases  from 
4.053^.238  on  the  poor  soil  to  4.967111.205  on  the  good  soil.  The 
coefficient  of  variability  also  increases,  as  it  is  7.765 ±.456  on  the  poor 
soil  and  9.334±:.385  on  the  good  soil.  Thus,  for  the  two  characters 
of  corn  we  have  an  increase  due  to  increased  fertility.  These  results 
differ  from  those  found  by  Davenport,  but  the  characters  are  different 
since  we  are  studying  the  number  of  ears  per  stalk  and  total  3deld  rather 
than  the  characters  of  the  ears. 

GENERAL  DISCUSSION  OF  STUDIES 

We  have  now  studied  the  data  furnished  by  two  generations  of  peas, 
two  varieties  of  buckwheat  and  one  crop  of  corn.  These  data  furnish 
much  of  interest  and  raise  questions  which  cannot  at  this  time  be 
answered. 

One  important  point  brought  out  in  this  work  has  been  how  best 
to  express  the  variability  of  material  of  this  kind.  It  is  very  evident 
that  if  we  have  data  taken  from  plants  grown  under  different  environ- 
ments we  may  obtain  very  different  types  of  plants.  As  a  concrete  case, 
let  us  take  the  height  for  the  three  lots  of  peas  for  the  first  generation. 
Here  we  have  a  great  difference  in  the  average  height  of  the  plants  from 
the  three  plots.  Thus,  the  average  height  of  the  plants  on  the  sand  is 
i4.777d1.145  centimeters  as  compared  with  41. 042^1.429  centimeters  on 
the  ordinary  plot,  and  49.490^.456  centimeters  on  the  manured  plot. 
Now,  if  the  standard  deviation  were  the  same  for  each  of  the  three  plots, 
the  coefficient  of  variability,  since  it  is  directly  affected  by  the  mean, would 
be  much  less  on  the  manured  plot  than  on  the  ordinary  or^he  sand  plot 
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On  the  other  hand,  if  the  standard  deviation  increases  as  the  food  supply 
increases,  as  does  the  mean,  but  not  in  the  same  ratio,  the  variation  as 
expressed  by  the  coefficient  of  variability  may  still  be  as  great  or  greater 
on   the  sand  plot  than  on  the  richer  soil.    Take,  for  example,  the  co- 
efficient of  variability  on  the  sand  and  the  manured  plots.    Although  the 
standard  deviation  increases  from  3.399^.102  to  10.831  ±-322,  yet  the 
coefficient  of  variability  shows  that  there  is  less  relative  variation  on  the 
manured  plot  than  on  the  sand,  since  the  coefficient  of  variability   is 
21.885^.682  on  the  more  fertile  plot  as  compared  with  23.002^-728 
on  the  sand. 

The  data  show  that  extremes  are  more  common  on  the  manured  plot 
than  on  the  sand,  and  from  the  form  that  the  two  curves  take  one  would 
expect  more  variation  on  the  manured  plot. 

The  author  believes  that  with  such  data  as  we  have  under  considera- 
tion, the  coefficient  of  variability  does  not  express  all  that  is  desired. 
Where  the  measurements  have  been  made  in  the  same  unit  and  the  classes 
arranged  so  that  the  magnitudes  are  the  same,  it  seems  that  the  standard 
deviation  expresses  the  variability  very  welL  When  we  are  comparing 
height  from  the  different  plots,  as  in  the  above  data,  it  seems  that  the 
standard  deviation  is  a  better  index  of  variability  than  the  coefficient  of 
variability.  To  be  sure  the  coefficient  of  variability  is  a  relative  expres- 
sion and  represents  in  an  abstract  manner  what  is  taking  place. 

The  coefficient  of  variability  is  of  value  to  show  whether  height,  num- 
ber of  internodes,  or  yield,  etc.,  all  show  the  same  amount  of  variation  or 
whether  one  is  more  variable  than  the  other.  Thus  we  have  a  coefficient 
of  variability  for  yield,  showing  that  the  yield  is  much  more  variable 
than  height  or  number  of  internodes. 

This  point  has  been  recognized  by  ShuU  **  in  his  study  of  "  Place- 
Constants  for  Aster  Prenanthoides."  He  suggests  a  possible  remedy  for 
this  by  comparing  the  plants  with  a  nonnal  mean.  That  is  rather  than 
use  the  formula  ^-^(rior  the  coefficient  of  variability,  he  suggests  a 
formula  of  ^g?^,  in  which  the  standard  deviation  may  be  the  deviation 
for  any  population  but  Mi,  the  "  normal  mean "  for  this  population. 
Thus,  the  variability  would  depend  directly  upon  the  standard  deviation. 
Shull  later*  held  to  this  view  and  was  of  the  opinion  that  when  dealing 
with  such  data  as  we  have  been  studying,  the  standard  deviation  is  a 
better  index  of  variability  than  the  coefficient  of  variability. 

To  illustrate  this  the  author  has  taken  the  data  for  the  two  genera- 
tions of  peas  and  arranged  a  table  of  coefficients  of  variability.  These 
coefficients  have  been  determined  by  dividing  the  standard  deviations  for 
the  different  characters  on  the  sand  and  the  manured  plots  by  the  means 
as  obtained  on  the  ordinary  plot. 

♦In  personal  correspondence  with  the  author.  Digitized  by  VjOOglC 
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Table  48. —  Showing  Coefficients  of  Variability  When  Com  ] 
With  a  Normal  Mean. 


Character 

Height 

No.  of  internodes 

Average  length  of  internodes. . 
No.  of  pods 

This  table  shows  that  v/ith  one  exception  (the  average  length  of   inte- 
node,  second  generation)  there  is  an  increase  in  variability  due  to  incrca 
in  food  supply.    These  data  then  reveal  that  when  sand  soil  and  Hig^h 
fertilized  soil  are  compared  there  is  greater  variability  in  the  rich   sc; 

Similar  tables  cannot  well  be  arranged  for  the  buckwheat  since  on 
two  kinds  of  soil  have  been  used  and  no  soil  very  poor  in  plant    foc^.' 
entered  into  the  experiment. 

Duncker"  also  considered  that  the  coefficient  of  variability  is  not  * :, 
great  importance  to  studies,  in  biology.  He  was  of  the  opinion  that  thct 
coefficient  of  variability  does  not  express  the  actual  facts  so  accurately  ■ 
as  the  standar-d  deviation. 

The  importance  of,  the  coefficient  of  variability  is  based  on  the  fact  ' 
that  it  is  an  abstract  number  and  we  can  use  it  to  compare  the  height, 
weight,  color  and  number  of  branches  as  to  their  variability. 

Miss  Tammes  Mas  used  the  quartile  and  -^  rather  than    the    stand-  ' 
ard  deviation  and  coefficient  of  variability.     This  method  does  not  give 
the  weight  to  the  extremes  given  by  the  other  method,  and  does  not    ' 
seem  to  be  so  satisfactory  when  comparing  data  from  different  environ- 
ments. 

When  the  standard  deviation  is  used  as  an  index  of  variabilitv 
for  the  foregoing  data,  we  find  that  in  most  cases  the  variability  is  in- 
creased as  the  fertility  of  the  soil  is  increased.  On  the  other  hand,  when 
the  coefficient  of  variability  is  used,  the  results  are  not  conclusive,  for 
in  some  cases  there*  is  a  decrease  in  the  coefficient  of  variability  andw 
others  an  increase,  so  that  a  final  summation  of  these  results  really 
leaves  us  in  doubt  as  to  the  effect  of  fertility. 

The  author  wishes  to  call  attention  to  the  standard  deviation  as  an 
expression  showing  the  effect  of  increased  fertility.  Taking  most  of  th^ 
results,  we  find  that  we  have  a  larger  .standard  deviation  on  the  more 
fertile  plots.  The  facts  which  emphasize  the  value  of  the  standard  de- 
viation have  been  fairly  well  explained  throughout  this  paper,  namely, 
that  the  indrviduals  tend  to  wander  or  deviate  more  than  the  mean  as  the 
fertility  increases,  and  that  the  extremes  are  more  common  in  the  richer 
soil ;  and  this  is  well  illustrated  by  the  shapes  of  the  curves  for  the  dif- 
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f  erent  plots.  The  curves  for  the  poor  soil,  in  general,  are  very  steep, 
sihowing  few  classes  and  a  large  percentage  of  the  individuals  in  a  modal 
class,  while  in  the  case  of  the  better  fed  plants  the  curves  are  flatter, 
Iiave  a  larger  number  of  classes  and  a  less  percentage  of  the  individuals 
in  the  modal  class. 

Now  the  question  confronting  us  is,  what  is  the  nature  of  this  in- 
creased fertility?    Why  is  it  that  plants  grown  on  fertile  soil  from  the 
same  kind  of  seed  as  was  planted  on  the  less  fertile  soil  should  vary 
more?     We  know  that,  in  general,  the  growth  of  the  plant  depends  on 
the  amount  of  available  food  supply.     It  would  seem  at  first  thought, 
then,  that  if  we  take  plants  which  show  a  certain  degree  of  variability 
on  sterile  soil  to"  a  very  fertile  soil,  they  would  vary  in  about  the  same 
manner.     In  other  words,  we  should  expect  that  each  plant  would  be 
capable  of  making  use  of  the  increased  available  food  supply  in  about 
the  same  manner  and  that  the  main  changes  induced  by  food   supply 
would  be  in  the  size.      If  we  had  plants  which  were  about  ten,  twelve, 
and  fourteen  inches  in  height  on  sterile  soil,  we  might  expect  they  would 
increase  in  about  the  same  proportions    if    the    available    food    supply 
should  be  increased,  but  we  find  this  is  not  the  case,  as  the  foregoing 
results  show.     It  seems  that  the  individuality  of  the  plants  comes  into 
play  here.     Some  of  the  plants  are  much  more  sensitive  to  increased 
food  supply  than  others.     We  may  interpret  this  by  saying  that  some 
of  the  plants  are  more  capable  of  making  use  of  the  excess  of  food  sup- 
ply than  the  others.    In  the  case  of  the  fertile  soil,  the  amount  of  stored 
up  material  in  the  seed  does  not  have  such  influence  as  on  the  poor  soil. 
From  the  fact  that  some  plants  are  more  sensitive  than  others,  we  get 
a  greater  variation  as  the  food  supply  is  increased.     We  see  that  this 
is  true  for  many  characters  when  we  use  the  standard  deviation  as  the 
index  of  variability. 

Shull  held  to  this  belief  as  to  the  varying  sensibility  of  plants  while 
making  his  study  of  asters.  He  says,  "  Not  all.  individuals  are  alike 
sensitive  to  changed  conditions,  some  being  more,  some  less  affected  by 
a  given  amount  of  change;  so  that  while  many  individuals  respond  to 
the  less  favorable  conditions  by  the  production  of  heads  with  smaller 
number  of  parts,  there  is  still  a  considerable  number  of  conservative 
individuals  which  are  Httle,  or  not  at  all,  affected." 

Certain  characters,  as  we  have  seen  from  the  tables,  are  more  vari- 
able than  others.  In  general,  those  characters  having  to  do  with  yield  are 
the  more  variable ;  that  is,  such  characters  as  number  of  pods,  number  of 
seed,  and  weight  of  total  seed. 

Such  results  as  we  have  obtained  are  contrary  to  certain  views  which 
are  commonly  held.  Some  persons  believe  that  with  plants  grown  on 
a  poor  soil  the  variability  is  greater  than  when  growijjgj:j5^^^y@jT)gf^[^ 
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It  is  commonly  said  that  on  poor  soil  one  will  often  find  a  good  ear  of 
corn  while  on  a  very  rich  soil  there  is  a  tendency  to  uniformity  and 
that  all  of  the  plants  tend  to  produce  good  ears.  This  statement, .  it 
would  seem,  is  somewhat  misleading.  The  fact  that  we  notice  the  good 
ears  on  a  poor  soil  is  due  to  the  small  number  of  them  and  the  fact  that 
most  of  the  plants  produce  small  ears,  while,  on  the  other  hand,  on  very 
rich  soil  the  plants  producing  small  ears  are  not  noticed  because  of  the 
greater  size  of  the  majority  of  plants.  As  a  rule,  if  one  should  plot 
such  data  he  would  find  that  in  the  case  of  the  plants  from  infertile 
soil  the  curve  would  be  very  steep  with  only  a  few  of  the  good  ears 
showing  at  the  extreme  right  of  the  curve,  while  on  the  fertile  soil  the 
curve  would  be  more  flat  in  nature  with  not  a  very  distihct  nxxle,  show- 
ing that  several  of  the  classes  are  nearly  equal  in  nature,  while  extremes 
would  be  just  as  common  as  on  the  infertile  soil. 

A  very  interesting  suggestion  brought  out  in  this  paper  is  shown  by 
a  study  of  the  peas  from  seed  from  the  different  plots  grown  on  ordi- 
nary soil.  The  number  of  individuals  in  each  case  is  small  and  one  can- 
not draw  conclusions  from  such  a  limited  number.  These  suggestions 
are  very  interesting,  however.  We  find  that  plants  grown  from  seed 
from  the  ordinary  and  the  highly  fertilized  plots  give  very  similar  re- 
sults when  grown  on  ordinary  soil,  as  the  parents  did  on  the  different 
plots ;  that  is,  the  mean  of  the  different  characters,  such  as  height,  num- 
ber of  internodes,  number  of  pods,  number  of  seed,  and  yield,  is  in- 
creased in  the  case  of  the  plants  grown  from  seed  on  the  manured  plots. 

The  standard  deviation  shows  an  increase  for  all  of  these  characters 
with  the  exception  of  the  height.  In  the  case  of  the  height,  the  stand- 
ard deviation  reveals  a  slight  decrease,  but  again  these  plants  show  some 
tendency  to  branch,  which  would  effect  the  total  height  to  some  extent. 
These  results  could  not  have  been  due  to  the  fact  that  the  seed  planted 
from  the  manured  plot  was  larger  than  that  from  the  ordinary  plot. 
The  general  average  of  the  seed  from  the  two  plots  for  the  first  gener- 
ation shows  that  the  seed  from  the  manured  plot  is  lighter  than  that 
from  the  ordinary  plot.  Unfortunately  for  these  results,  the  seed 
planted  was  not  weighed,  but  was  selected  at  random,  however,  the  chances 
are  that  the  seed  selected  was  representative  for  the  two  plots.  These 
results  for  the  different  characters  offer  suggestions  which  must  be 
tested  out  in  further  studies.  While  the  individuals  are  few,  the  fact 
that  we  have  five  characters  and  that  four  of  the  five  show  the  same 
general  tendency  leads  us  to  believe  that  we  may  expect  such  results 
for  the  first  generation  at  least. 

These  results  bear  out  the  belief  held  by  DeVries  that  the  nutriticni 
of  the  seed,  when  developing  on  the  maternal  plant,  has,  at  least  very 
often,  a  greater  influence  on  the  variability  than  ^the  nu^|rrt^^  d^^ing 
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its  germination  and  the  later  growth.  To  this  end  he  cities  some  ob- 
servations on  Oenothera  Lamarckiana.  He  found  that  seed  grown  on 
manured  soil  produced  plants  with  seed  capsules  increased  in  size,  al- 
though the  original  plants  were  smaller  on  the  manured  than  on  the 
ordinary  soil. 

From  an  examination  of  the  curves  presented,  one  sees  that  there  are 
very  many  skew  curves.  The  author  has  not  attempted  in  this  study  to 
determine  the  skewness,  but  finds  that  those  curves  are  more  prominent  in 
characters  having  to  do  with  the  yield  of  the  plants.  Thus,  we  have  skew 
curves  for  the  number  of  pods,  number  of  seeds,  and  weight  of  peas, 
and  the  yield  of  buckwheat.  The  general  conclusions  that  may  be  drawn 
from  this  study  are  that  curves  having  to  do  with  yield  or  with  similar 
characters  will  show  a  skewness  either  great  or  small. 

The  coefficient  of  correlation  is  affected  also  by  nutrition.  The  gen- 
eral effect  is  for  the  coefficient  of  correlation  to  decrease  as  the  food 
supply  is  increased.  This  is  true  in  most  instances  for  both  the  peas 
and  the  buckwheat.  These  results  are  in  accordance  with  those  found 
by  Shull  in  his  study  of  "  Place-Constants  for  Aster  Prenanthoides.'* 
He  found  that  the  correlation  coefficient  was  highest  for  the  year  when 
the  growth  conditions  were  least  favorable.  Miss  Tammes  in  her  study 
of  *'  Der  Flachsstengel  '*  also  came  to  this  conclusion. 

The  classes  and  curves  could  have  been  made  smoother  by  arrang- 
ing the  data  from  different  localities  in  classes  to  suit  the  data.  The 
author  believes,  however,  that  in  order  to  compare  such  results  the 
classes  should  be  of  the  same  magnitude.  This  helps  to  explain  the 
unevenness  of  some  of  the  curves.  Data  from  different  generations 
were  arranged  in  the  same  manner  as  nearly  as  possible. 

The  data  given  above  may  be  criticized  from  the  fact  that  in  some 
of  the  arrays  only  a  few  individuals  have  been  studied.  The  author 
recognizes  this  criticism.  It  is  possible  that  some  of  the  constants  might 
be  changed,  but  taken  all  together  the  author  believes  that  the  constants 
herein  given  fairly  represent  the  results  we  may  expect. 

The  numbers  for  the  second  generation  of  peas  were  small  and  as 
has  been  said  in  discussing  these  results,  the  constants  might  have  been 
slightly  modified  if  a  larger  number  of  individuals  had  been  available. 

SUMMARY 

The  results  of  the  foregoing  data  may  be  summarized  in  the  follow- 
ing paragraphs. 

1.  Data  have  been  shown  for  two  generations  of  peas,  one  crop  of 
buckwheat  and  two  characters  on  one  crop  of  com. 

2.  In  general,  the  means  are  increased  as  the  fertility  of  the  soil  is 
increased.  Digitized  by  GoOglc 
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3.  The  standard  deviation  shows  an  increase  in  most  cases  as  the 
food  supply  is  increased.  The  general  summation  is  that  in  thirty-six 
cases  the  standard  deviation  showed  an  increase  and  in  eight  showed 
a  decrease  as  the  food  supply  was  increased. 

4.  The  coefficients  of  variability  were  affected  differently  for  dif- 
ferent characters.  In  about  half  of  the  characters  studied  the  coefficient 
of  variability  was  increased,  and  in  about  half  it  was  decreased;  to  be 
exact  it  was  increased  twenty-two  times  and  decreased  twenty  times. 

5.  The  foregoing  data  show  that  certain  characters  of  a  species  or 
variety  are  much  more  variable  than  others.  Some  of  these  characters 
show  a  very  marked  variability. 

6.  The  coefficients  of  correlation  are,  in  general,  decreased  as  the 
food  supply  is  increased. 

The  results  lead  the  author  to  think  that  there  is  a  greater  degree  of 
variation  and  a  lesser  degree  of  correlation  among  plants  grown  on  a 
very  rich  soil.  He  realizes  that  the  data  herein  given  do  not  prove  this 
conclusively  but  add  much  evidence  which  is  in  favor  of  this  assertion. 
In  fact,  the  plants  which  were  grown  under  controlled  conditions,  that  is 
the  peas,  show  that  the  standard  deviation  is  increased  for  plants  on  rich 
soil  in  nearly  every  case ;  to  be  exact,  the  standard  deviation  is  larger  in 
thirty  out  of  thirty-four  cases.  More  data  must  be  accumulated  before 
this  question  is  finally  settled. 
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THE  ELIMINATION  OF  TUBERCLE  BACILLI  FROM  IN- 
FECTED  CATTLE,  AND  THE  CONTROL  OF  BOVINE 
TUBERCULOSIS  AND  INFECTED  MILK 

Ver/\nus  a.  Moore 

The  control  of  bovine  tuberculosis  is  still  one  of  the  great  economic 
and  sanitary  problems  before  the  veterinary  profession.  Cattle  owners 
are  looking  for  methods  by  which  they  can  rid  their  herds  of  this  disease 
with  the  least  personal  loss  and  the  smallest  damage  to  the  cattle  in- 
dustry. Likewise,  consumers  of  milk  and  milk  products  are  anxiously 
looking  for  practical  methods  that  will  eliminaite  tubercle  bacteria  from 
these  common  articles  of  food. 

The  experience  of  the  past  in  trying  to  control  bovine  tuberculosis 
has  shown  that  the  radical  measures,  which  were  believed  at  the  time  to 
be  effective,  have  proved  to  be  either  unsatisfactory  in  result  or  so  ex- 
pensive in  their  execution  that  they  were  generally  impracticable. 
Meantime,  the  disease  has  been  spreading;  and  it  will  continue  to  do 
so  until  its  natural  methods  of  dissemination  are  overcome.  Likewise, 
milk  is  being  correspondingly  more  and  more  infected  as  shown  by 
reports  of  numerous  examinations. 

The  control  of  an  infectious  disease,  the  cause  of  which  is  known,  is, 
theoretically,  a  simple  matter.  As  each  infectious  disease  is  caused  by 
its  specific  organism,  the  knowledge  necessary  to  formulate  effective 
methods  for  its  control  pertains  (i)  to  the  mode  of  infection,  (2)  to  the 
means  by  which  the  infecting  organisms  are  eliminated,  and  (3)  to  the 
power  of  the  organisms  to  resist  influences  outside  of  the  infected  animal 
body.  With  diseases  that  are  usually  acute  and  that  have  a  short 
duration,  such,  for  example,  as  anthrax,  there  is  no  question  about  the 
immediate  danger  of  infected  individuals  to  those  associated  with  them 
and  the  necessity  for  their  prompt  removal.  But  with  a  malady  like 
tuberculosis,  which  is  usually  slow  in  development,  is  generally  localized, 
and  often  becomes  arrested,  the  question  of  the  extent  of  the  immediate 
danger  of  infected  animals  to  others  is  not  so  easily  determined.  Again, 
from  a  practical  point  of  view,  when  infection  becomes  widespread,  in 
that  10  to  20  per  cent  of  the  cattle  are  involved,  and  the  ability  of  the 
infected  individuals  to  continue  to  be  a  source  of  revenue  to  their  own- 
ers is  not  materially  affected  for  the  time,  the  method  for  success- 
ful control  will  be  determined  largely  by  the  factors  regulating  its 
dissemination. 
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The  history  of  the  efforts  to  eradicate  bovine  tuberculosis  in  this  State 
shows  that  the  expensive  and  radical  measure  of  testing  cattle  with 
tuberculin  and  killing  all  reactors  has  not  been  uniformly  sufficient.  The 
cause  of  the  failure  was  largely  because  the  herds  in  which  this  method 
was  applied  were  not  retested  and  the  latent  cases  detected  as  soon  as 
they  became  active  and  before  they  had  spread  the  virus  to  their  unin- 
fected associates.  The  conservative  methods  have  not  been  generally 
acceptable  because  of  the  labor  involved  and  the  precautions  believed 
to  be  necessary  to  prevent  the  spread  of  the  tubercle  organisms.  The 
essential  difficulty  seems  to  be  a  lack  of  knowledge  which  shall  insure 
confidence  in  the  theories  regarding  the  state  of  the  disease  that  is 
actually  dangerous  because  of  the  elimination  of  the  virus.  As  the  dis- 
ease is  spreading  and  as  it  must  be  encountered  and  must  be  checked  by 
some  method  of  control  if  the  integrity  of  our  dairy  herds  is  to  be 
maintained  and  the  purity  of  the  milk  safeguarded,  it  is  of  the  greatest 
importance  that  the  facts  pertaining  to  its  means  of  dissemination  be 
more  definitely  determined.  This  is  essential  for  the  protection  of 
milk  against  infection  and  for  the  intra-herd  control  of  the  disease. 


CHANNELS  THROUGH   WHICH  TUBERCLE  BACTERIA  GET  INTO  THE  MILK  OP 

INFECTED   COWS 

There  is  an  extensive  literature  on  this  subject  from  which  quite  dif- 
ferent conclusions  may  be  drawn.  The  earlier  reports,  and  some  of 
the  more  recent  ones,  suggest  that  infected  -cattle  which  do  not  show 
clinical  s)anptoms  are  extensive  spreaders  of  the  virus.  Others  have 
stated  that  it  is  impossible  for  tubercle  bacteria  to  escape  through  the  milk 
or  to  be  expelled  with  the  excreta  when  tissue  changes  have  not  taken 
place  in  the  udder  or  when  the  lesions  are  not  sufficiently  developed  for 
the  diseased  foci  to  discharge  into  some  of  the  channels  of  excretion. 

Until  1907  it  was  generally  believed  that  tubercle  bacteria  found  in 
milk  were  eliminated  from  the  udder  only.  That  year  Schroeder  and 
G>tton*  published  the  results  of  their  examinations,  which  showed  that 
a  considerable  percentage  of  covys  that  are  so  slightly  affected  with 
tuberculosis  as  to  be  detected  only  by  the  tuberculin  test  pass  tubercle 
bacteria  in  their  feces.  This  publication  attracted  widespread  interest 
and  gave  rise  to  much  anxiety  on  the  part  of  many  of  our  dairymen 
as  to  the  spread  of  the  virus  to  stables  and  pastures.  The  teaching 
of  this  article  that  tubercle  bacteria  may  gain  entrance  to  the  milk 
through  fecal  contamination,  has  added  a  hitherto  unconsidered  source 


1  Schroeder. —  Circ.  118.    Bureau  of  Animal  Industry,  U.  S.  Dept.  Agr.,  1907. 
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of  milk  infection.  It  has  been  shown  repeatedly  that  milk  from  infected 
herds  has  been  the  medium  for  the  dissemination  of  tubercle  bacilli 
and  the  setting  up  of  new  centers  of  infection.  Russell*  has  reported 
many  cases  of  this  kind.  In  one  district,  of  the  1,213  animals  tested 
374  reacted,  and  of  these  323  were  killed  under  federal  inspection  and 
184  were  condemned.  This  shows  a  large  percentage  of  cows  in  which 
the  disease  was  advanced,  and  undoubtedly  in  many  of  them  it  could 
have  been  detected  on  physical  examination. 

In  a  number  of  herds  that  have  come  to  the  writer's  attention,  in 
which  the  milk  has  been  found  to  be  infectious,  as  determined  by  the 
development  of  tuberculosis  in  a  large  percentage  of  the  calves  fed  upon 
it  and  more  positively  by  guinea  pig  inoculation,  the  physical  examina- 
tion revealed  the  presence  of  a  few  well-marked  clinical  cases.  After 
the  exclusion  of  these  animals  the  mixed  milk  was  not  virulent  for 
guinea  pigs,  although  the  remaining  cows  continued  to  react  to  tuber- 
culin. Reynolds  and  Beebe*,  who  studied  this  subject  in  forty-two  cases, 
found  but  one  individual  that  was  spreading  the  virus  through  the 
excreta. 

THE    FREQUENCY    WITH    WHICH     MARKET    MILK    IS    FOUND    TO    CONTAIN 

TUBERCLE   BACTERIA 

The  results  of  many  observers,  chiefly  European,  up  to  the  year  1908, 
were  compiled  in  a  report  published  by  Trask*  of  the  United  States 
Public  Health  and  Marine  Hospital  Service.  More  recently  the  results 
of  several  American  observers  have  been  added  to  this  list.  Hess,*  in 
1909,  examined  107  samples  of  market  milk  in  New  York  city  with  the 
result  that  17,  or  16  per  cent,  were  found  to  contain  tubercle  bacilli. 
Anderson**  examined  223  samples  taken  in  the  city  of  Washington  and 
reported  16,  or  6.72  per  cent,  as  positive.  Mohler'  has  examined  73 
samples  with  positive  findings  in  two  cases,  or  2,j  per  cent.  The  Bureau 
of  Animal  Industry^  reports  two  positive  cases  out  of  thirty-six  exam- 

1  Russell. —  Bulletin  143,  Univ.  Wisconsin  Agr.  Exp.  Sta.,  1907. 

'  R-cynolds  and  Beebe. —  Dissemination  of  tuberculosis.    Bulletin  No.  103.    Univ. 
of  Minn.  Agric  Exp.  Station,  1908. 

8  Trask,  J.  W. —  Milk  and  Its  Relation  to  the  Infectious  Diseases.  The  Journal 
Amer.  Med.  Assn.,  Oct.  31,  1908,  p.  1491. 

*Hess,  A.  F.— The  Incidence  of  Tubercle  Bacilli  in  New  York  City  Milk.  The 
Jour.  Amer.  Med.  Assn.,  Mar.  27,  1909,  p.  ion. 

*  Anderson. —  Jour.  Infectious  Diseases,  1908,  Vol.  2,  p.  107. 

•  Mohler.—  Bull.  Hyg.  Lab.,  U.  S.  P.  H.  and  M.  H.  S.,  No.  41,  p.  493 
»  Hyg.  Lab.,  U.  S.  P.  H.  and  M.  H.  S..  No.  s6,  p.  551. 
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ined,  or  5.5  per  cent  Goler*  reports  about  5  per  cent  of  the  milk 
supply  of  Rochester  infected,  but  does  not  state  the  number  of  samples 
examined.  Tonney*  found  8.9  per  cent  of  the  samples  of  milk  examined 
by  him  from  the  Chicago  milk*  supply  to  contain  virulent  tubercle  bacilii. 
Boyce',  of  Liverpool,  reports  that  of  528  samples  of  the  milk  supplying 
that  city,  15  contained  these  organisms. 

The  practically  uniform  results  reported,  showing  that  a  considerable 
percentage  of  samples  of  market  milk  contain  tubercle  bacilli,  is  a  serious 
indictment  against  our  milk  supply  and  a  menace  to  the  milk  industry, 
as  such  discoveries  are  tending  to  discourage  the  use  of  milk.  More 
than  this,  efforts  have  been  made  and  laws  have  been  in  operation  for 
several  years  to  control  this  disease.  This  constantly  increasing  milk 
infection  suggests  that  something  is  radically  wrong  somewhere.  The 
method  of  controlling  tuberculosis  in  cattle  in  this  country  that  has 
been  advocated  by  sanitarians  generally,  namely,  the  tuberculin  test  and 
the  slaughter  of  the  reactors,  has  apparently  not  been  sufficient  to  check 
the  spread  of  the  disease  as  a  whole  or  to  minimize  the  milk  infecticwi. 
This  fault  is  not  in  the  method  itself,  but  is  due  to  the  unfortunate 
fact  that  the  method  has  not  been  generally  applied. 

If  the  reports  that  have  been  recorded  of  the  examinations  of  milk 
for  tubercle  bacilli  are  analyzed,  it  will  be  found  that  they  were  made 
largely  from  mixed  milk.  It  may  have  been  the  milk  from  a  single  dairy 
or  from  several.  Unfortunately,  the  records  are  not  generally  accom- 
panied by  a  careful  statement  regarding  the  condition  of  the  cows  from 
which  the  milk  was  derived.  Most  of  those  reporting  the  percentage  of 
infected  samples  took  the  milk  as  they  found  it  in  the  market. 

AN    EXPLANATION    OF    THE    FREQUENCY    OF    TUBERCLE    BACTERIA    IN 

MARKET  MILK 

The  foregoing  facts  demand  an  explanation  of  the  presence  of  these 
bacilli  in  the  milk  and  a  procedure  that  will  eliminate  them.  It  is  recog- 
nized that  during  recent  years  tuberculosis  has  been  able  to  spread  with 
somewhat  rapid  strides  in  the  dairies  of  the  State  because  of  the  increase 
in  the  exchange  of  cattle  and  the  disregard  of  the  natural  means  by 
which  tuberculosis  is  disseminated.  Unfortunately,  we  have  no  reliable 
data  from  which  we  can  determine  the  percentage  of  clinical  cases 
among  the  cows  that  are  infected.  From  the  available  records  it  would 
seem  that  at  least  from  i  to  3  per  -cent  of  tuberculous  cows  have  the 


'Goler. —  Jour.  Am.  Pub.  Health  Assn.,  Vol.  20,  1910,  p.  95. 
2  Tonney. —  Tubercitlosis  in  Market  Milk  of  Chicago.    Jour   Amcf.  Med.  Assn., 
Vol.  55,  1910,  p.  1252. 
»  Report  of  the  health  of  the  city  of  Liverpool,  1908. 
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disease  localized  in  the  udder  or  have  advanced  pulmonary  lesions.  Bang 
and  other  Europeans  find  many  cases  of  uterine  tuberculosis  that  are 
discharging  tubercle  bacilli.  The  conclusion  seems  to  be  warranted  that 
advanced  cases  are  sufficiently  numerous  to  make  it  possible  for  them 
to  be  responsible  for  the  presence  of  the  tubercle  bacilli  in  the  mixed 
milk  as  reported. 

If  the  conclusion  can  be  accurately  drawn,  as  Ostertag  and  Poels 
say  it  can,  that  it  is  the  clinical  cases  of  tuberculosis  that  are  spreading 
the  virus,  the  milk  infection  could  be  largely  eliminated  by  a  careful 
inspection  of  the  cows  in  the  herds  producing  it  and  the  exclusion  of 
the  suspicious  animals.  This  would  tend  further  to  the  intra-herd  control 
of  the  disease  (that  is,  between  animals  in  the  same  herd),  leaving  the 
more  delicate  test  of  tuberculin  for  inter-herd  protection  (between  animals 
in  different  herds).  The  inspections  of  dairies  by  representatives  of 
health  boards  are  all  too  frequently  made  by  laymen  unfamiliar  with 
the  nature  of  tuberculosis.  To  be  sure,  such  inspectors  accomplish  much 
by  way  of  securing  better  light,  ventilation,  and  more  cleanly  conditions 
in  the  stables  generally;  but  they  are  unable  to  pass  upon  the  physical 
condition  of  the  cows  relative  to  tuberculqsis  or  localized  udder  in- 
fections which  may  cause  the  milk  to  contain  disease  producing  micro- 
organisms. Dairy  inspections,  therefore,  should  be  made  by  trained 
veterinarians;  or  if  made  by  laymen  for  cleanliness,  they  should  be 
supplemented  by  the  veterinarian  to  pass  upon  the  health  of  the  animals. 
More  than  this,  these  dairies  should  be  inspected  frequently,  not  at 
long  intervals.  The  Copenhagen  Milk  Supply  G>mpany  have  the  cows 
from  which  they  obtain  milk  inspected  by  thoroughly  trained  veteri- 
narians every  two  weeks,  and  the  inhabitants  of  Copenhagen  are  said  to 
have  the  lowest  mortality  in  children.  The  inspection  must  detect  cattle 
which  are  physically  unfit  to  produce  milk  for  human  food,  and  for  this 
work  the  veterinarian  is  the  only  man  who  at  present  is  trained  in  the 
group  of  sciences  to  fit  one  properly  for  such  work. 


AN    EXAMINATION    OF    MILK    AND    EXCRETA    FROM    lUBERCULIN    REACTING 
cows  FOR  TUBERCLE  BACTERIA 

In  order  to  gain  more  definite  knowledge  of  the  frequency  with  which 
tubercle  bacteria  are  in  the  milk  and  feces  of  cows  that  react  to  tuber- 
culin, but  which  do  not  reveal,  on  physical  examination,  evidence  of 
the  disease,  we  undertook  to  examine  the  milk  and  feces  of  as  many 
such  cows  as  possible  for  these  organisms.  A  few  samples  from  cases 
showing  clinical  symptoms  were  included. 
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In  making  these  examinations  the  milk  was  taken  from  individual  cown 
and  also  mixed  milk  from  the  herd.  The  mixed  milk  was  examined 
in  a  few  instances  while  the  herd  still  contained  clinical  cases  of  tuber- 
culosis, and  again  later  after  these  had  been  removed.  This  opportunity 
was  afforded  by  a  few  herds  in  which  the  Bang  method  was  being  tried. 
These  examinations  have  been  made  at  irregular  intervals  since  1907. 

The  methods  employed  varied  slightly  with  the  conditions  under 
which  the  milk  was  received.  In  all  cases  the  milk  was  centrifuged, 
and  the  sediment  examined  microscopically.  Guinea  pigs  were  inocu- 
lated in  a  number  of  cases  and  always  when  the  microscopic  examination 
suggested  that  possibly  tubercle  bacilli  were  present.  In  many  cases 
the  cream  was  also  examined.  The  mixed  milk  came  from  small  and 
larger  herds.  The  feces  were  collected  after  the  method  employed  by 
Reynolds  and  Beebe,  and  also  those  normally  passed.  The  feces  were 
examined  microscopically  by  making  properly  stained  cover  glass  prepara- 
tbns  from  the  surface  of  the  normally  expelled  material,  from  the 
scrapings  of  the  rectal  mucosa,  or  from  the  sediment  in  centrifuged 
specimens.  Several  preparations  were  made  and  examined  from  each 
specimen. 

In  the  preliminary  work  we  examined  a  total  of  136  samples  of  milk 
and  36  of  feces.  Of  the  milk  samples,  49  were  mixed  and  87  were 
from  individual  cows.  Of  the  latter,  two  had  diseased  udders.  In  all, 
80  guinea  pigs  were  inoculated.  They  received  2  cc.  each  of  the  sedi- 
ment from  the  centrifuged  tube.  Sixteen  of  these  were  injected  into 
the  abdominal  cavity,  the  others  received  the  sediment  subcutaneously. 
The  results  of  these  examinations  were  as  follows: 

Of  the  49  examinations  of  mixed  milk,  tubercle  bacilli  were  found 
in  one  specimen  microscopically  and  no  inoculations  were  made.  Later 
experience  suggests  that  possibly  these  were  acid  fast  organisms  other 
than  true  tubercle  bacilli.  It  was  not  known  to  us  whether  or  not 
clinical  cases  existed  in  this  herd.  Guinea  pigs  inoculated  with  the  mixed 
milk  from  two  herds  developed  tuberculosis.  In  these  herds  it  was 
known  that  there  were  clinical  cases.  After  these  were  removed  subse- 
quent inoculations  gave  negative  results.  The  guinea  pigs  inoculated  with 
the  samples  from  the  other  mixed  milk  either  died  within  a  few  days 
from  sepsis,  or  remained  well.  Thus  there  were  two  of  the  49  samples 
that  contained  infecting  organisms  and  possibly  the  third  did  also. 
This  gives  as  the  maximum  a  little  over  6  per  cent  that  contained  tubercie 
bacteria. 

Of  the  87  examinations  of  the  milk  from  individual  cows,  taberck 
bacteria  were  not  found  either  microscopically  or  by  guinea  pig  inocuU- 


Digitized  by  VjOOQIC 


Bovine  Tuberculosis  703 

tions  except  in  two  cases,  and  these  were  samples  of  milk  from  the  cows 
whose  udders  were  affected.  They  were  the  only  cows  that  showed  any 
clinical  evidence  of  disease,  and  at  the  time  the  lesions  in  the  udders 
were  not  thought  to  be  of  a  tuberculous  nature.  Tubercle  bacilli  were 
present  in  very  large  numbers  in  the  milk  from  each  of  these  cows.  The 
bacilli  were  largely  outside  of  the  tissue  cells,  lying  free  between  the 
leucocytes  and  fat  globules  of  the  milk.  In  two  specimens  acid  fast  or 
timothy  bacilli  were  present  in  very  small  numbers.  They  were  de- 
colorized with  acidulated  alcohol.  Guinea  pigs  inoculated  from  these 
samples  did  not  develop  tuberculosis.  If  we  exclude  the  two  cases  in 
which  there  was  udder  affection,  tubercle  bacteria  were  not  found  in  any 
of  the  samples.  If  they  are  included,  a  little  over  two  per  cent  of  the 
examinations  were  positive. 

The  36  examinations  of  the  feces  failed  to  reveal  the  presence  of 
tubercle  bacteria,  either  microscopically  or  by  animal  inoculation.  One 
specimen  contained  a  few  acid  fast  organisms.  The  guinea  pig  inocu- 
lated from  this  specimen  did  not  develop  tuberculosis. 

In  drawing  conclusions  from  these  preliminary  examinations,  the  fact 
must  be  kept  in  mind  that  they  are  not  selected  cases,  but  are  those 
taken  from  herds  that  were  tested  in  regular  work.  The  cows  were 
kept  under  quite  different  conditions ;  some  were  in  the  best  of  sanitary 
stables  and  others  were  not.  The  number  of  examinations  is  too  small 
to  warrant  any  general  deductions.  The  results  show,  however,  that 
tubercle  bacilli  were  not  present,  or  discoverable  at  least,  in  the  milk 
or  feces  of  a  considerable  number  of  specimens  taken  from  reacting 
and  apparently  healthy  cows.  If  a  careful  physical  examination  had  been 
made  and  all  suspicious  cases  removed  before  the  bacteriological  exam- 
inations of  the  milk  and  the  feces  were  undertaken,  tubercle  bacilli  would 
not  have  been  found  either  microscopically  or  by  guinea  pig  inoculations. 

The  above  mentioned  results  were,  as  already  stated,  obtained  from 
the  herds  that  were  at  the  time  undergoing  the  tuberculin  test.  The 
results  were  not,  except  in  a  few  cases,  confirmed  by  further  or  re- 
peated examinations.  They  were,  however,  of  the  same  nature  as  many 
of  the  earlier  examinations  from  which  conclusions  of  a  far-reaching 
significance  have  been  drawn,  and  upon  which  certain  sanitary  regula- 
tions have  been  based.  It  is  to  be  regretted  that  in  the  earlier  reports 
of  milk  examinations  for  tubercle  bacilli  the  condition  of  the  cows  from 
which  the  milk  came  was  not  more  definitely  recorded.  In  a  few  cases 
the  statement  was  made  that  the  udders  were  apparently  free  from 
disease  but  the  possibility  of  the  milk  becoming  infected  from  the  feces 
was  not  so  fully  considered  at  that  time.     It  is  possible,  therefore,  that 

Digitized  by  VjOOQIC 


704  Bulletin  299 

advanced  pulmonary  lesions  or  intestinal  ulcers,  without  udder  infection. 
could  have  been  responsible,  through  fecal  contamination,  for  the  bacilli 
found  in  the  milk. 


THE  RESULTS  OF  REPEATED  EXAMINATIONS  OF   MILK  AND  EXCRETA    FROM 

A  FEW  REACTING  CATTLE 

The  results  of  our  single  examinations  were  so  strikingly  uniform, 
in  that  cows  with  udder  tuberculosis  were  eliminating  large  numbers 
of  tubercle  bacilli  with  the  milk  and  that  cows  reacting  to  tuberculin, 
but  showing  no  physical  evidence  of  the  disease,  were  not  eliminating 
them  in  either  the  milk  or  the  excreta,  so  far  as  we  could  determine, 
that  it  seemed  very  desirable  to  continue  this  study.  It  was  felt  that 
errors  in  operation  or  coincidence  might  have  been  responsible  for  the 
findings.  To  overcome  these  and  to  ascertain  further  whether  or  not 
tubercle  bacilli  appear  from  time  to  time  in  the  milk  or  feces  of  clinically 
sound  but  infected  cows,  it  was  decided  to  make  a  series  of  examina- 
tions extending  over  a  longer  period  from  a  small  number  of  reacting 
animals.  To  this  end  tuberculous  cattle  were  secured  and  placed  on 
the  Veterinary  Experiment  Station.  On  July  i,  1909,  three  cows  and 
one  bull  (Nos.  i  to  4  inclusive)  were  secured.  They  were  Jersey 
grades  and  in  good  condition.  Later  in  July,  a  cow  (No.  5)  showing 
evidence  of  disease  was  secured.  In  September  five  cows  (Nos.  6  to  10 
inclusive),  all  in  good  condition  but  which  had  given  a  tuberculin  reac- 
tion, were  added  to  the  list.^  The  disease  did  not  become  arrested  as 
the  animals  gave  a  good  tuberculin  reaction  during  the  period  of  exam- ' 
ination,  and  those  still  living  have  reacted  since  the  completion  of  the 
work  herein  reported. 

In  trying  to  ascertain  whether  or  not  tubercle  bacilli  were  being 
eliminated,  we  have  made  a  few  tests  by  feeding  the  milk  from  reacting 
cows  to  young  pigs  during  the  time  the  milk  and  feces  were  being 
examined  microscopically  and  guinea  pigs  were  being  inoculated.  We 
have,  therefore,  the  results  of  the  technical  microscopic  examinations 
supported  by  the  practical  tests  of  feeding  susceptible  young  pigs  with 
the  milk  of  the  cows.     A  summary  of  the  results  obtained  is  appended. 

July  5,  1909,  a  series  of  examinations  of  the  milk  and  feces  for 
tubercle  bacilli  was  begun  and  this  study  was  continued  until  September 
15.  The  microscopic  preparations  were  decolorized,  first  with  10  per 
cent  sulfuric  acid  and  then  in  acidulated  alcohol,  and  carefully  exam- 
ined. Guinea  pigs  were  inoculated  from  several  specimens.  Twenty-three 
specimens  of  milk  and  feces  were  examined  from  each  of  the  three  cows 
(Nos.  I,  2  and  3)  and  the  feces  of  the  bull  (Xo.  4).    Six  guinea  pigs  were 
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inoculated..  The  specimens  were  taken  two  or  three  times  each  week.  In 
a  few  of  the  preparations  acid  fast  organisms  appeared  in  small  numbers 
but  the  guinea  pigs  inoculated  from  the  specimens  failed  in  every  case  to 
develop  tuberculosis. 

Nine  pigs  about  ten  weeks  old  were  placed  in  four  pens,  two  pigs 
in  each  of  three  pens  and  three  in  the  fourth.  The  six  pigs  were  fed 
the  milk  from  the  reacting  cows  (Nos.  i  to  3)  from  July  5th  to  the 
first  week  in  October. 

The  2  pigs  in  pen  No.  i  received  the  milk  from  cow  No.  i. 

The  2  pigs  in  pen  No.  2  received  the  milk  from  cow  No.  2. 

The  2  pigs  in  pen  No.  3  received  the  milk  from  cow  No.  3. 

The  3  pigs  in  pen  No.  4  received  the  milk  from  a  healthy  cow. 

The  pigs  were  fed  some  grain  in  addition  to  the  milk  They  were 
all  carefully  examined  post-mortem  during  the  latter  part  of  October 
and  in  November  without  finding  any  trace  of  tuberculous  infection. 

Later  two  calves  (A  and  B)  were  fed  with  the  milk  from  cows  Nos.  i, 
2,  3,  6,  7  and  9  from  February  3  and  20,  1910,  the  dates  of  their  birth, 
to  June  2.  They  were  given  the  fresh  mixed  milk  directly  after  it  was 
drawn  and  they  received  all  they  would  drink.  They  grew  well  and  were 
in  good  flesh  at  the  time  they  were  killed.  They  did  not  respond  to 
the  tuberculin  test  before  slaughter.  A  careful  examination  failed  to 
reveal  the  presence  of  any  tuberculous  lesion  whatever. 

Late  in  July  a  cow  (No.  5)  with  enlarged  (tuberculous)  supra- 
mammary  gland  was  secured  and  her  milk  and  feces  were  examined 
at  irregular  intervals  during  the  month  of  August.  The  results  were 
negative,  but  subsequent  examinations  made  by  Mr.  Peterson*  after 
the  disease  had  advanced  gave  positive  results.  At  the  time  this  cow 
was  received  the  enlarged  supra-mammary  gland  was  not  adherent  to 
the  udder  itself  and  the  milk  examinations  were  negative.  As  the  disease 
advanced  the  gland  became  adherent  to  the  mammary  gland  of  one- 
quarter  which  became  quite  extensively  involved  as  shown  by  the  post- 
mortem examination.  The  milk  became  virulent  after  the  nAmmary 
gland  itself  had'  become  affected.  Likewise  the  feces  became  virulent 
apparently  with  the  spreading  and  discharging  of  the  lesions  in  the 
lungs.  There  were,  however,  tuberculous  ulcers  in  the  intestines 
which  did  not  appear  to  have  been  of  long  standing.  It  is  unfortunate 
that  these  studies  could  not  have  been  made  earlier  in  this  case. 

The  examinations  from  September  15,  1909,  to  September  i,  1910, 
were  made  by  Mr.  E.  G.  Peterson,  instructor  in  bacteriology.  Since 
Mr.  Peterson's  report  was  completed  the  examination  of  the  milk  and 


iThe  detailed  report  of  Mr.  Peterson's  examinations  appears  in  the  Report  of 
the  New  York  State  Veterinary  College  for  the  year  1909-10.  C^OOolp 
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feces  of  the  remaining  cows  has  been  continued  and  the  findings  will 
be  reported  later.  It  is  our  plan  to  make  frequent  examinations  of  the 
milk  and  excreta  of  these  cows  until  they  develop  clinical  symptoms 
or  cease  to  respond  to  tuberculin. 

June  15,  1910,  three  cows  (Nos.  11  to  13  inclusive),  one  of  which 
was  suffering  with  advanced  tuberculosis,  one  with  clinical  evidence  of 
the  disease,  and  one  suspicious  from  physical  signs,  were  secured  for 
the  purpose  of  infecting  a  small  pasture.  A  short  series  of  examina- 
tions was  made  from  the  feces  of  one  of  these  cows  and  from  the  milk 
and  feces  of  two  of  them. 

The  advanced  case  (No.  13)  was  eliminating  tubercle  bacilli  in  large 
numbers  w-ith  the  feces.  The  bacilli  were  also  found  in  considerable 
numbers  in  the  sputum.  The  presence  of  tubercle  bacilli  in  the  feces  was 
determined  by  microscopic  examination  only,  as  the  guinea  pigs  inocu- 
lated died  of  sepsis.  Those  inoculated  from  the  sputum  developed 
tuberculosis.  At  this  time  the  cow  was  dry,  so  that  the  infectiousness  of 
the  milk  could  not  be  determined.  She  died  in  fifteen  days  after  being 
placed  in  the  pasture,  with  advanced  lung  lesions  and  intestinal  ulcers. 

Cow  No.  12,  which  had  a  slight  cough,  did  not  have  virulent  milk  or 
feces  as  determined  by  the  three  guinea  pig  inoculations.  Acid  fast 
organisms,  probably  tubercle  bacilli,  were  found  in  small  numbers  in  the 
sputum.  This  cow  was  used  experimentally  later.  The  post-mortem 
showed  a  few  small  tuberculous  lesions  in  the  lungs. 

The  results  of  the  personal  examinations  as  well  as  those  that  have 
been  made  under  the  writer's  immediate  supervision,  suggest  that  the 
spread  of  tubercle  bacilli  is  not  generally  taking  place,  at  least  to  any 
detectable  degree,  from  occult  cases  of  bovine  tuberculosis.  The  evi- 
dence thus  far  gathered  is  quite  as  conclusive  that  cows  with  udder 
tuberculosis  are  eliminating  tubercle  bacilli  in  large  numbers  with  their 
miilk,  and  that  advanced  cases  of  pulmonary  tuberculosis,  or  perhaps 
earliei;  ones  in  which  the  lesions  are  discharging  into  the  bronchi,  and 
cases  of  intestinal  lesions  are  eliminating  them  with  the  droolings  from 
the  mouth  and  with  the  feces. 

The  presence  of  tubercle  bacilli  in  milk  seems  to  be  accounted  for  by 
tuberculous  udders  and  from  contamination  of  the  milk  with  the  feces. 
When  these  facts  are  applied  to  the  milk  situation  it  seems  fair  to 
assume  that  if  the  cows  in  the  dairies  producing  milk  for  the  market 
were  carefully  and  frequently  examined  for  evidence  of  the  disease 
and  all  those  found  to  be  thus  affected  were  excluded,  the  number  of 
samples  of  market  milk  containing  tubercle  bacilli  would  be  greatly 
reduced  if  they  did  not  entirely  disappear. 
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the  importance  of  knowing  the  types  of  cases  that  spread 
tubercle  bacteria  , 

A  more  definite  knowledge  of  the  kind  of  cases  that  are  eliminating 
tubercle  bacilli  is  of  value  not  only  in  affording  a  possible  means  of 
safeguarding  milk  but  also  for  the  carrying  out  of  methods  for  the 
control  of  the  disease  itself.  The  two  conservative  procedures  that  are 
being  applied,  especially  in  Europe,  namely,  the  Bang  and  the  Ostertag 
methods,  depend  for  their  efficiency  upon  the  correctness  of  their  re- 
spective theories  regarding  the  elimination  of  tubercle  bacilli.  The  Bang 
method  takes  into  account  the  possibility  of  clinically  sound  but  tuber- 
culin reacting  animals  spreading  the  virus  more  or  less  frequently.  The 
method  insists  upon  strict  isolation  of  all  reacting  animals.  The  Oster- 
tag method  is  based  on  the  theory  that  practically  it  is  the  clinical  cases 
only  that  are  spreading  the  virus  and  that  the  occult  ones  that  are 
active  in  this  respect  are  so  few  that  they  may  be  considered  as  negligible 
factors  in  the  dissemination  of  the  disease.  It  is  important  to  ascertain 
to  what  point,  if  any,  clinically  sound  animals  are  spreading  the  virus, 
in  order  to  know  to  what  extent  the  Ostertag  method  may  be  recom- 
mended where  tuberculin  and  the  slaughter  of  reactors  cannot  be  applied 
or  the  application  of  the  Bang  method  is  not  possible.  The  question 
is  exceedingly  complicated  but  the  points  to  be  attained  are  clear,  namely : 
(i)  to  protect  milk  from  infection,  (2)  to  secure  intra-herd  control  of 
the  disease,  and  (3)  to  protect  the  inter-herd  exchange  of  animals. 

The  necessity  for  as  definite  knowledge  as  possible  of  the  elimina- 
tion of  the  bacilli  is  found  in  the  fact  that  if  cows,  which  would  react 
to  tuberculin  but  sti41  have  the  disease  process  restricted  to  small  localized 
areas,  are  extensive  spreaders  of  the  bacilli,  then  the  control  must  of 
necessity  require  either  prompt  slaughter  of  all  such  cattle  or  their 
effective  isolation.  In  other  words,  if  the  occult  cases  are  important 
factors  in  the  spread  of  the  virus,  the  enforcement  of  the  radical 
measure  of  killing  or  securely  segregating  all  reactors  is  the  only  hope 
for  the  ultimate  eradication  of  the  disease.  Compulsory  action  is  also 
required  in  order  to  check  the  spread  of  the  infection  before  irreparable 
damage  is  done.  If,  on  the  other  hand,  the  occult  cases  are  not  ex- 
tensive spreaders  of  the  virus,  conservative  methods  of  control  which 
will  permit  of  the  utilization  of  the  reacting  animals  not  only  for 
breeders  but  also  for  dairy  products  m«ay  be  recommended. 

The  available  facts  pertaining  to  the  elimination  of  tubercle  bacilli 
suggest  that  in  the  control  of  tuberculosis  much  progress  would  be  made 
if  the  clinical  cases,  that  is,  those  animals  in  which  evidence  of  morbid 
changes  can  be  detected  on  thorough  examination,  were  eliminated. 
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If  the  results  of.  these  examinations  are  confirmed,  they  will  show 
the  significance  of  careful  physical  examinations  in  the  intra-herd  con- 
trol of  bovine  tuberculosis,  aqd  at  the  same  time  constantly  increase  the 
protection  of  the  milk.  They  will  further  strengthen  the  confidence  in 
Ostertag's  method,  which  can  be  applied  with  less  cost  than  the  Bang 
method.  This  would  make  feasible  a  method  of  control  which  every 
cattle  owner  could  apply  with  the  cost  of  the  physical  examinations. 

The  satisfactory  results  reported  by  Ostertag  and  Poels,  and  the 
successful  eradication  of  tuberculosis,  on  the  physical  examination  only, 
from  a  large  State  herd  by  Dr.  Law  some  years  ago,  led  to  the  formula- 
tion of  a  plan  for  control,  presented  by  the  Commissioner  of  Agriculture 
at  a  conference  of  breeders  in  Utica,  on  January  13,  19 10.  The  plan, 
which  was  based  on  recognized  facts*  concerning  the  spread  of  the  dis- 
ease, as  follows: 

1.  All  cattle  showing  clinical  symptoms  of  tuberculosis  should  be 
promptly  eliminated  from  the  herd. 

2.  After  eliminating  all  animals  showing  symptons  of  the  disease, 
one  of  the  following  procedures  should  be  followed: 

(a)  The  entire  herd  should  be  tested  with  tuberculin  and  all  animals 
that  react  should  be  separated  from  the  others.  They  may  be  slaughtered 
for  food  under  proper  inspection  or  kept  for  breeding  purposes.  The 
stables  from  which  they  came  should  be  thoroughly  cleaned  and  dis- 
infected. 

(b)  The  entire  herd,  after  removing  the  clinical  cases,  may  be  con- 
sidered suspicious  and  a  sound  herd  grown  up  from  the  offspring.  These 
calves  must  be  raised  free  from  tuberculosis. 

3.  All  of  the  animals  in  the  herd  should  be  given  a  careful  physical 
examination  frequently  and  all  those  that  give  any  evidence  of  tuber- 
culosis should  be  ren^oved. 

The  plan  proposed  by  the  International  Commission  for  the  Control 
of  Bovine  Tuberculosis  insists  upon  the  removal  of  clinical  cases,  and 
the  treatment  of  the  entire  herd  as  suspicious  when  50  per  cent  or  more 
of  the  animals  react  to  tuberculin. 


^a.  That  the  greater  number  of  infected  cattle  which  are  spreading  tubercle  ba- 
cilli exhibit  in  some  form  dinical  evidence  of  the  disease. 

b.  That  the  careful  use  of  tuberculin  will  enable  one  to  determine  all  cases  oi 
tuberculous  infection  in  which  the  lesions  are  active. 

c.  That  the  offspring  of  infected  animals  are  usually  born  free  from  tubercnlosis. 

d.  That  sound  herds  may  be  grown  up  from  infected  ones  by  raising  the  calves 
free  from  infection  and  keeping  them  separated  from  the  diseased  cattle. 

e.  That  the  flesh  of  cattle  suffering  with  localized  tuberculosis  is  Rt  for  human 
food. 
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This  method  affords  a  means  by  which  sound  herds  may  be  built  up  from 
infected  ones  and  at  the  same  time  permits  the  use  of  the  milk  from  the 
occult  cases.  As  but  a  small  percentage  of  the  cattle  are  being  tested 
with  tuberculin,  it  is  very  important  that  the  danger  from  the  milk  of 
others  should  be  reduced  to  a  minimum,  which  would  be  accomplished 
if  clinical  cases  were  promptly  excluded.  In  the  herds  where  the 
owners  are  willing  to  hasten  the  process  of  elimination,  tuberculin  should 
be  used  and  the  actively  infected  individuals  removed  or  the  Bang  sys- 
tem tried.  Every  means  should  be  considered  that  will  aid  the  cattle 
owners  in  detecting  infected  individuals  and  in  replacing  them  with 
sound  ones,  and  at  the  same  time  conserve  as  far  as  possible  the  animals 
themselves. 

THE    LIMITATIONS    OF    A    PHYSICAL    EXAMINATION    IN    DETECTING    TUBER- 
CULOSIS IN   CATTLE 

The  limitations  of  the  physical  examination  in  detecting  tuberculosis 
in  cattle  must  not  be  overlooked.  It  is  believed  by  Ostertag,  Poels, 
Raebiger  and  other  European  veterinarians  that  a  physical  examination 
will  detect  most,  if  not  all,  cases  that  are  sufficiently  advanced  to  elimi- 
nate the  bacilli.  Such  an  examination  will  not  detect  the  occult  cases, 
which  so  far  as  numbers  go  are  in  the  great  majority.  In  the  writer's 
experience  in  making  post-mortems  on  a  large  number  of  cattle  that  have 
been  slaughtered  after  the  tuberculin  test,  not  5  per  cent  of  infected 
animals  could  have  been  detected  by  that  method.  A  physical  examina- 
tion and  the  removal  of  clinical  cases,  therefore,  can  be  considered  of 
value  in  eliminating  the  spreaders  of  the  bacilli,  and  in  the  intra-herd 
control  of  the  disease. 

As  Ostertag  has  stated,  when  physical  examinations  are  carefully 
made  at  short  intervals  and  the  suspicious  cases  removed,  as  they  are  in 
Germany  where  his  method  is  in  operation,  the  natural  means  by  which 
the  bacilli  are  disseminated  will  be  largely  cut  off.  Like  other  means 
of  diagnosis,  this  method  sometimes  fails,  for  it  will  occasionally  hap- 
pen that  an  occult  case  will  develop  rapidly  and  spread  the  bacilli  to 
other  animals  before  the  lesions  can  be  detected  or  before  the  next 
examination  is  made.  This  also  occurs  with  the  use  of  tuberculin.  Ar- 
rested cases  which  do  not  respond  to  the  test  may  become  active,  develop 
into  clinical  ones,  and  spread  the  bacilli  before  the  next  test  is  applied. 
The  writer  has  had  instances  of  this  kind  in  which  occult  cases  became 
clinical  ones  and  spread  the  virus  to  many  animals  in  the  herd  between 
the  tests,  although  the  tests  were  carefully  made  every  six  months. 
These  are  exceptions  but  they  must  be  considered  in  the  formulation  of 
efficient  procedures  to  protect  milk  and  to  control  the  disease. 
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The  criticism  is  made  by  certain  Europeans  that  the  veterinary   pr 
fession  in  America  is  negligent  in  acquiring  facility  in  making  thorou^ 
physical  examinations,  including,  of  course,  the  microscopic   examine 
tion  of  sputa,  excreta,  uterine  discharges,  etc.     It  is  evident   that   tr.. 
maximum  efficiency  in  making  such  examinations  can  not  be  attaine 
without  a  thorough  training  in  the  methods  of  physical  diagnosis.     Th> 
fact  is   fully  recognized  abroad,  and  in  the  State  Veterinary    Colle^- 
training  in  that  subject  is  specially  emphasized  in  the  department   of 
medicine. 

The  physical  examination  can  not  be  considered  of  z>alue  in  protectir:: 
herds  against  the  introduction  of  infected  animals  from  without.  Fcr 
this  tuberculin  is  the  only  agent  we  possess  at  the  present  time.  Ex- 
perience has  shown  that  in  herds  slightly  infected  a  single  tuberculin 
test  may  detect  every  infected  individual,  but  in  those  in  which  the 
disease  has  been  long  standing  arrested  cases  are  usuaUy  present  whir!: 
do  not  at  the  time  respond  to  the  tuberculin.  This  renders  repeattn: 
tests  necessary.  The  errors  charged  to  tuberculin  are  largely  n^ative 
results  following  its  use  on  animals  which,  from  the  very  nature  01 
the  disease  at  the  time  of  testing,  could  not  react.  In  fighting  tubercuIo-:> 
in  our  herds  we  have  too  often  lost  sight  of  the  oscillation  of  the  disease 
from  an  active  to  an  arrested  state.  The  unit  to  deal  with,  therefore,  u 
the  sound  herd  rather  than  the  non^reacting  individual. 

SUMMARY 

The  findings  in  our  examination  relative  to  the  elimination  of  tubercle 
bacilli,  and  the  value  of  such  results,  if  they  are  confirmed  in  protecting 
the  consumer  of  milk  and  in  the  intra-herd  ccmtrol  of  the  disease,  may 
be  summarized  as  follows: 

1.  Occult  cases  of  bovine  tuberculosis  are  not  generally  spreading 
tubercle  bacilli. 

2.  Qinical  cases  of  tuberculosis,  in  which  the  lesions  are  localized  in 
the  udder,  lungs,  intestines  or  uterus,  are  usually  eliminating  tubercle 
bacilli  with  the  milk  or  excreta. 

3.  A  careful  and  often  repeated  physical  examination  of  infected 
herds  and  the  removal  of  all  suspicious  cases  will  check  to  a  large  extent 
the  spread  of  the  virus  to  other  animals  in  the  herd  and  will  fninimLt 
the  number  of  bacilli  in  the  milk,  thereby  protecting  the  consumer.  The 
vital  points  in  the  intra-herd  control  of  the  disease  are  to  prevent  further 
infection  and  to  raise  sound  animals  to  replace  the  infected  ones. 

4.  To  prevent  the  inter-herd  spread  of  the  disease,  tuberculin  tm< 
be  properly  applied  to  all  cattle  coming  into  sound  herds.    If  the  ansnols 
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come  from  infected  herds  they  should  be  quarantined  and  tested  again 
before  they  are  released.  After  this  they  should  be  tested  repeatedly. 
It  is  the  sound  herd  rather  than  the  non-reacting  cow  that  should  be 
dealt  with. 

5.  After  removing  all  clinical  cases,  the  owner  still  has  recourse  to 
tuberculin  to  detect  the  animals  that  have  already  become  infected.  The 
supplementing  of  the  physical  examination  by  the  tuberculin  test  should 
enaUe  those  who  desire  to  do  so  to  detect  and  promptly  eliminate  or 
segregate  all  actively  infected  individuals.  If  the  slaughter  of  the  re- 
actors is  not  desired  the  Bang  method  can  be  followed. 

In  making  the  examinations  herein  reported,  the  writer  has  been 
assisted  by  Dr.  W.  H.  Boynton,  now  pathologist  to  the  Bureau  of  Agri- 
culture, Philippine  Islands^  and  Mr.  C.  P.  Fitch  assistant  in  laboratory 
diagnosis. 

APPENDIX 

A  GUIDE  TO  THE  CONTROL  OF  BOVINE  TUBERCULOSIS 

In  the  fall  of  1909,  the  chairman  of  the  Committee  on  Diseases  of 
the  American  Veterinary  Medical  Association  suggested  that  a  com- 
mittee be  appointed  to  formulate  a  method  for  the  control  of  bovine 
tuberculosis  that  could  be  recommended  to  every  owner  of  cattle  and 
to  executives  charged  with  the  responsibility  of  guiding  and  enforcing 
legislation  relative  to  this  disease.  The  association,  feeling  the  need  of 
such  Work,  appointed  a  commission  that  was  designated  "  The  Inter- 
national Commission  on  the  Control  of  Bovine  Tuberculosis."  This  new 
commission  was  composed  of  veterinarians,  pathologists,  bacteriologists, 
cattle  breeders,  packers  and  health  officers.  It  met  several  times  and 
went  very  carefully  over  the  knowledge  of  this  disease  and  the  methods 
for  its  control.  Its  report  consists  of  a  series  of  resolutions,  reports 
of  special  committees,  finally  a  plan  to  guide  cattle  owners  in  the  control 
of  this  disease.  As  this  plan  was  approved  by  the  commission,  it  is 
appended  for  the  purpose  of  aiding  those  who  are  trying  to  keep  their 
herds  free  from  infection  or  who  are  endeavoring  to  eradicate  the 
disease. 

The  Recommendation  on  Eradication  by  the  International  Conmiis- 
sion  —  A  Composite  of  the  Methods  of  Bang  and  Others' 

"  The  Commission,  after  stating  the  known  facts  regarding  the  nature 
of  tuberculosis  and  enumerating  the  principles  to  be  observed  in  its 
prevention  and  eradication,  recommends  the  following  plan  of  procedure. 


1  The  full  report  of  the  commission  was  published  by  the  Bureau  of  Animal 
Industry,  U.  S.  Department  of  Agriculture,  Washington,  D.  C,  |^§itQE<g^lS(^g{c 
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It  is  recognized  that  in  several  points  there  are  opportunities,  in  order 
to  meet  individual  needs,  to  change  or  modify  the  directions  herein 
given.  It  is  understood,  however,  that  whenever  such  modifications  are 
made  they  should  conform  in  the  greatest  detail  to  the  principles  laid 
down  in  the  report  of  this  Commission.  The  plan  has  for  its  purpose 
the  conservation  of  the  herd  whenever  it  is  possible. 

"  The  control  of  bovine  tuberculosis  involves  a  definite  procedure  under 
two  distinct  and  different  conditions,  namely:  (i) where  a  herd  of  cattle 
is  free  from  tuberculosis  and  is  to  be  kept  so,  and  (2)  where  one  or 
more  animals  in  the  herd  are  infected  and  the  purpose  is  to  eradicate 
the  disease  and  establish  a  sound  herd. 

"Procedure  Under  Condition  (i):  The  prevention  of  tuberculous 
infection  in  cattle,  free  from  tuberculosis,  consists  simply  in  keeping 
tuberculous  cattle  or  other  animals  away  from  the  sound  ones ;  in  keeping 
tuberculous  animals  out  of  pastures,  sheds  or  stables  where  the  sound 
ones  may  be  kept.  Healthy  cattle  should  not  be  exposed  to  possible  in- 
fection at  public  sales  or  exhibitions.  Raw  milk  or  milk  by-products 
from  tuberculous  cows  should  not  be  fed  to  calves,  pigs  or  other  animals. 
Cars  that  have  not  been  thoroughly  disinfected  should  not  be  used  for 
the  transportation  of  sound  cattle.  Cattle  that  are  purchased  to  go  into 
sound  herds  should  be  bought  from  healthy  or  sound  herds  only. 

"  Procedure  Under  Condition  (2) :  The  eradication  of  tuberculosis 
from  infected  herds  requires  for  conservation  of  the  herd  different  pro- 
cedures according  to  the  extent  of  the  infection.  For  a  guide  to  the 
control  of  the  disease  tuberculous  herds  may  be  divided  into  three 
groups,  namely :  - 

"  I.  Where  50  per  cent  or  more  of  the  animals  are  infected. 

"2.  Where  a  small  percentage  (15  per  cent  or  less)  of  the  animals 
are  affected. 

"3.  Where  a  large  number  (15  to  50  per  cent)  of  the  animals  are 
diseased. 

"  In  eliminating  tuberculosis  from  infected  herds  the  following  pro- 
cedure is  recommended : 

Group  I 

"Herds  where  a  tuberculin  test  shows  50  per  cent  or  more  of  the 
animals  to  be  infected  should  be  treated  as  entirely  tuberculous.  The 
procedure  here  is  as  follows: 

"  I.  Eliminate  by  slaughter  all  animals  giving  evidence  of  the  disease 
on  physical  examination. 
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"2.  Build  up  an  entirely  new  herd  from  the  offspring.  The  calves 
should  be  separated  from  their  dams  immediately  after  birth  and  raised 
on  pasteurized  milk  or  on  that  of  healthy  nurse  cows.  This  new  herd 
must  be  kept  separate  from  any  reacting  animals. 

"  3.  The  young  animals  should  be  tested  with  tuberculin  at  about  six 
months  old,  and  when  reactors  are  found  at  the  first  or  any  subsequent 
test,  the  others  should  be  retested  not  more  than  six  months  later.  When 
there  are  no  more  reactors  at  the  six  months  test  annual  tests  should 
thereafter  be  made.  All  reacting  animals  should  at  once  be  separated 
from  the  new  herd  and  the  stables  which  they  have  occupied  thoroughly 
disinfected. 

**  4.  When  the  newly  developed  sound  herd  has  become  of  sufficient 
size  the  tuberculous  herd  can  be  eliminated  by  slaughter  under  inspection 
for  beef. 

Group  II 

"  I.  The  reacting  animals  should  be  separated  from  the  non-reacting 
ones  and  kept  constantly  apart  from  them  at  pasture,  in  yard  and  in 
stable. 

"  (a)  Pasture.  The  reactors  should  be  kept  in  a  separate  pasture. 
This  pasture  should  be  some  distance  from  the  other  or  so  fenced  that 
it  will  be  impossible  for  the  infected  and  non-infected  animals  to  get 
their  heads  together. 

"  (b)  Water.  When  possible  to  provide  otherwise,  reacting  cattle 
should  not  be  watered  at  running  streams  which  afterward  flow  directly 
through  fields  occupied  by  sound  cattle.  The  water  from  a  drinking 
trough  used  by  infected  animals  should  not  be  allowed  to  flow  into 
stables,  fields  or  yards  occupied  by  sound  animals. 

"(c)  Stable.  Reacting  cattle  should  be  kept  in  barns  or  stables  en- 
tirely separate  from  the  ones  occupied  by  the  sound  animals. 

"  2.  Calves  of  the  reacting  cows  should  be  removed  from  their  dams 
immediately  after  birth.  Milk  fed  these  calves  must  be  from  healthy 
cows,  otherwise  it  must  be  properly  pasteurized.  These  calves  should 
not  come  in  contact  in  any  way  with  the  reacting  animals. 

"  3.  The  non-reacting  animals  should  be  tested  with  tuberculin  in  six 
months,  and  when  reactors  are  found  at  the  first  six  months,  or  any 
subsequent  test,  the  others  should  be  retested  not  more  than  six  months 
later.  When  there  are  no  more  reactors  at  the  six  months  test,  annual 
tests  should  thereafter  be  made.  All  reacting  animals  should  at  once 
be  separated  from  the  new  herd. 

"4.  The  milk  of  the  reacting  animals  may  be  pasteurized  and  used. 

"5.  Any  reacting  animal  which  develops  clinical  symptoms  of  tuber- 
culosis should  be  promptly  slaughtered. 
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"6.  An  animal  that  has  once  reacted  to  tuberculin  should  under  no 
circumstances  be  placed  in  the  sound  herd. 

"7.  As  soon  as  the  sound  herd  has  become  well  established,  infected 
animals  should  be  slaughtered,  under  proper  inspection. 

Group  III 
"Herds  that  come  within  this  group  should  be  dealt  with  either  as 
in  Group  II,  where  the  herd  is  separated,  or  as  in  Group  I,  where  all  of 
the  animals  are  considered  as  suspicious  and  an  entirely  new  herd  de- 
veloped from  the  offspring. 

General  Precautions 

"  In  all  cases  animals  that  show  clinical  evidence  of  the  disease  should 
promptly  be  eliminated.  They  should  be  destroyed  if  the  disease  is  evi- 
dently far  advanced,  if  not,  they  may  be  slaughtered  for  food  under 
proper  inspection. 

'•AH  milk  from  tuberculous  cows  that  is  used  for  food  purposes  should 
be  thoroughly  pasteurized.  This  means  that  it  should  be  heated  suffici- 
ently to  kill  or  to  render  harmless,  any  tubercle  bacilli  that  may  be  pre- 
sent in  it.  For  this,  it  is  necessary  to  heat  the  milk  for  twenty  minutes 
at  149**  F.  or  for  five  minutes  at  176°  F.  It  is  important  that  pails  or  other 
utensils  used  in  carrying  the  unpasteurized  milk  should  not  be  used,  un- 
less previously  sterilized,  for  storing  the  milk  after  it  is  pasteurized 

"  When  diseased  animals  are  found,  the  stables  from  which  they  are 
taken  should  be  thoroughly  cleansed  and  disinfected.  To  accomplish 
this,  all  litter  should  be  removed;  floors,  walls  and  ceilings  carefully 
swept  and  the  floors  together  with  the  mangers  and  gutters  thoroughly 
scrubbed  with  soap  and  water.  Thorough  cleaning  before  the  application 
of  the  disinfectant,  cannot  be  too  strongly  emphasized.  After  cleaning, 
the  disinfectant  should  be  applied.  A  five  per  cent  (5^)  solution  of  car- 
bolic acid,  a  i-iooo  solution  of  corrosive  sublimate  or  a  four  per  cent 
(4^) solution  of  sulphuric  acid  may  be  used. 

'*When  the  stable  can  be  tightly  closed,  formaldehyde  gas  properly  used 
is  reliable  and  satisfactory. 

"If  tuberculous  cattle  have  been  kept  in  a  small  yard  the  litter  should 
be  removed,  the  surface  plowed  and  the  fencing  and  other  fixtures  thor- 
oughly cleansed  and  disinfected." 
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THE  CABBAGE  APHIS 

Aphis  brassiccB  Linn. 

Order  Hemiptera  Family  Aphididce 

Glenn  W.  Herrick  and  J  W.  Hungate 

The  cabbage  aphis,  commonly  known  as  the  "  cabbage  louse,"  is  of 
European  origin.  It  probably  found  its  way  into  this  country  on  cabbages 
imported  for  food  from  Europe.  For  years  it  has  been  a  serious  pest,  es- 
pecially in  the  northern  and  middle  Atlantic  States. 

In  1890,  1903,  and  1908,  this  aphid  was  very  numerous,  widespread, 
and  destructive  in  New  York  State,  the  year  1903  being  particularly  an 
aphis  year.  Moreover,  our  records  show  that  we  received  more  inquiries 
during  1909  and  1910  regarding  the  cabbage  aphis  than  any  other  in- 
sect pest.  It  was  exceedingly  abundant  and  seriously  injurious  in  nearly 
all  parts  of  New  York  State  during  the  season  of  1909.  It  appeared 
again  in  1910,  but  did  not  prove  nearly  so  injurious  as  during  the  pre- 
ceding year.  Not  only  were  large  numbers  of  cabbages  actually  destroyed 
by  it,  but  jnany  fields  of  cabbage  were  either  abandoned  or  plowed  up 
early  in  the  season  of  1909  from  apparent  inability  to  cope  with  the  pest. 
Some  fields  were  plowed  too  early  in  1910,  for  in  most  places  the  para- . 
sites  and  predaceous  enemies  soon  became  abundant  enough  to  hold  the 
aphis  in  check. 

DISTRIBUTION 

This  aphis  seems  to  be  present  in  all  localities  in  which  plants  of  the 
family  Crucifercc  can  be  grown.  It  is  widely  distributed  over  Europe, 
and  we  find  it  discussed  by  various  writers  as  a  serious  pest  in  England, 
Germany,  France  and  Italy. 

Fuller  reports  it  as  present  and  seriously  injurious  to  turnips  in  Natal, 
South  Africa.  It  is  evidently  present  in  considerable  numbers  in  Austra- 
lia, for  Froggatt  says,  "  Consignments  of  cauliflower  crossed  the  border 
at  Albany  from  Victoria  growers  which,  when  transhipped,  were  simply 
gray  with  aphis  and  which,  shaken  up  on  the  journey,  could  be  shovelled 
up  from  the  bottom  of  the  empty  truck." 

It  is  uncertain  when  this  aphis  came  to  this  country.  Fitch  states 
that  it  was  known  in  America  as  early  as  1791.  Having  had  over  a  cen- 
tury to  distribute  itself,  it  is  found  wherever  cabbages  are  grown  in  this 
country  from  Canada  southward  to  the  Gulf  and  westward  to  the  Pacific 
Ocean.  It  has  been  discussed  as  a  pest  at  more  or  \€s^  length  in  the 
Experiment  Station  bulletins  from  twenty-three  different  States  in  the 
Union,  which  shows  its  almost  universal  occurrence  throughout  the 
United  States.  nr^f^ni\c> 
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It  is  evident  that  the  cabbage  aphis  is  a  widely  distributed  a^nd  -weYi- 
known  pest. 

HISTORICAL 

The  cabbage  aphis  was  named  and  listed  in  1758  by  Linnaeus   in  the 
tenth  edition  of  his  Systema  Naturae.    It  had,  however,  been  discusser' 
several  years  before  (1734)  by  Frisch  in  his  interesting  old  boolc  on  the 
"  Beschreibung  von  allerlen  Insecten  in  Teutsch-land."    He  refers   to  it 
simply  as  the  leaf  louse  (Blatt-laus)  on  the  cabbage  and  discusses  its 
habits  quite  fully.    In  1781,  Fabricius,  in  his  **  Species  Insectorum,"  listed 
this  aphis  and  briefly  referred  to  its  habits.    Again,  in  1842,  Curtis  dis- 
cussed its  life  history  and  habits  in  the  Journal  of  -the  Royal  Agricultural 
Society.    He  has  been  considered  the  first  author  to  describe  the  winged 
male.    He  discussed  two  forms,  the  wingless  agamic  female  and  a  ^vinged 
form  which  he  thought  was  the  true  male.    His  discussion  and  descrip- 
tion show  rather  clearly  that  he  saw  the  winged  female  only.     Kalten- 
bach  included  the  insect  in  his  "  Monographic  der  Familien  Pflanzen- 
lause  "  in  1843,  and  Koch,  in  1857,  also  listed  it  with  a  fairly  full  descrip-     , 
tion  of  the  wingless  and  winged  agamic  females  and  a  brief  discussion 
of  their  habits.    Curtis's  A.  floris-rapcc,  discussed  by  him  in  i860,  is  prob- 
ably identical  with  hrassic(B  as  has  been  pointed  out  by  Buckton.     Mac- 
chiati  lists  A,  rapliani  Schrk.  and  A,  isatidis  Boyer  also  as  synonyms. 
In  1842  Harris  mentioned  the  cabbage  aphis  as  having  "  long  honey- 
tubes,"  and  its  body  covered  with  a  whitish  mealy  substance. 

The  first  extended  account  of  this  insect  that  we  have  been  able  to 
find  in  American  literature  was  by  Fitch  in  his  eleventh  report  in  1867. 
He  discussed  the  injuries  caused  by  the  aphis,  described  the  winged  and 
wingless  females,  mentioned  the  Syrphus  flies  and  lady-bugs  as  enemies, 
copied  Curtis*s  pictures  and  some  of  his  statements,  and  discussed  meth- 
ods of  control.  He  gave  a  quotation  from  the  Transactions  of  the  New 
York  Agricultural  Society  to  show  that  the  aphis  had  been  here  as  a  pest 
as  early  as  179 1. 

In  his  report  as  Government  Entomologist  for  1884,  Dr.  C.  V.  Riley 
discussed  the  cabbage  aphis  at  some  length,  adding  nothing  new  to  our 
information  regarding  its  life  history  but  pointed  out  that  the  oviparous 
female  was  still  unknown.  Ashmead  studied  the  aphis  in  Florida, 
bred  several  parasites  from  it,  and  discussed  its  injuries.  It  was  not 
until  1890,  however,  that  the  true  oviparous  female  and  egg  were  de- 
scribed. Professor  C.  M.  Weed  in  that  year  saw  the  winged  male  and 
the  oviparous  female,  obtained  the  true  ^gg,  and  described  them  all  so 
that  no  doubt  was  left  as  to  their  identity.  He  did  not,  however,  trace 
the  life  history  any  farther.  Since  his  discription,  many  short  discus- 
sions have  appeared  in  bulletins  regarding  its  habits  and  injuries. 

Digitized  by  VjOOQIC 


The  Cabbage  Aphis  719 

habits  and  injuries 

The  individuals  that  hatch  from  the  eggs  in  the  spring,  "the  stem- 
mothers,"  start  the  production  of  the  aphis  for  the  season.  They  settle 
on  the  underside  of  a  leaf  and  begin  the  production  of  their  young.  The 
Stem-mother  soon  founds  a  colony  of  young  aphides  about  her  (Fig.  291). 
These  mature  and  many  of  them  migrate  to  other  less  crowded  areas  of 
the  same  leaf  or  to  other  leaves  and  there  produce  colonies  of  their  own. 
In  this  way  a  cabbage  plant  becomes  covered  in  warm  weather  in  an  in- 
credibly short  time  with  myriads  of  the  aphides  ( Fig.  284) .  The  aphides 
are  eventually  forced  more  or  less  to  the  top  sides  of  the  leaves  and  to  the 
inner  leaves  close  about  the  head  of  the  cabbage.  As  they  increase,  the 
masses  of  living  lice,  cast  skins,  and  parasitized  bodies  literally  cover  the 
plant  and  make  it  a  most  offensive  object.  As  Buckton  says,  the  aphis 
often  crowds  both  the  upper  and  the  under  sides  of  the  foliage  in  such 
numbers-  "  that  the  leaves  become  hidden  by  the  living  mass.  Indeed, 
sometimes,  weight  for  weight  there  is  more  animal  than  vegetable  sub- 
stance present.  The  leaves  then  become  putrid,  offensive  in  odor,  and 
quite  disgusting  to  the  eye."  This  is  not  an  overdrawn  picture,  for  we 
have  seen  similar  sights  in  New  York  State.  Entire  fields  of  cabbage  are 
often  rendered  unfit  for  market. 

As  the  aphides  increase  in  numbers,  the  different  summer  forms  of 
individuals  often  appear  on  the  same  leaf  —  the  young,  the  adult  wingless 
females,  and  the  adult  winged  females.  From  July  on,  the  winged  forms 
may  often  be  seen  flying  through  the  air,  migrating  to  other  plants  and, 
perhaps,  being  borne  by  the  wind  to  fields  quite  remote.  It  is  in  this  way 
that  the  species  is  scattered  and  new  fields  infested.  Moreover,  it  is  a 
noticeable  fact  that  fields  are  often  infested  first  in  restricted  areas  here 
and  there.  These  areas  gradually  enlarge  until  they  coalesce  and  the  en- 
tire field  becomes  eventually  overrun  with  the  aphides.  No  doubt,  this 
early  infestation  in  local  areas  is  brought  about  by  the  winged  females 
which  have  alighted  here  and  there  in  the  field  during  their  migrations. 
Riley  and  Cooley  have  mentioned  heavy  fall  flights  of  the  winged  forms, 
but  whether  males  or  females  or  both  they  do  not  say. 

The  injuries  caused  by  the  cabbage  aphis  are  really  very  widespread 
and,  in  the  aggregate,  cause  a  serious  and  heavy  loss  to  cabbage  growers. 

J.  L.  Edgerton,  of  Waverly,  N.  Y.,  writing  to  the  Country  Gentleman 
in  1857  says  that  the  lice  attacked  his  patch  of  350  cabbages  the  year 
before  just  as  they  were  heading,  and  in  three  weeks  covered  every  plant 
so  that  he  lost  the  whole  crop  in  spite  of  anything  he  could  do. 

Fuller,  writing  of  the  aphis  in  South  Africa,  says  that  "  it  is  often 
the  cause  of  a  great  deal  of  loss."  Fletcher  says  of  it  in  Canada  that  at 
Morden,  Manitoba,  in  1898,  **  whole  acres  of  turnips  were  destroyed." 
Miss  Ormerod,  in  discussing  this  pest  in  England,  says  in^ 
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"  some  crops  havt  bc^n  annihilated."  Again,  in  1886,  she  quotes  sl  cor- 
respondent who  wrote,  "  I  estiniate  our  loss  on  turnips  and  cabbage  from 
Aphis  brassiccB  as  three  pounds  per  acre." 

Turning  again  to  our  own  country,  Dr.  J,  B.  Smith  says  that  in   rSgo 
"  The  plants  were  sometimes  so  crowded  with  lice  that  it  was  imFK>ssi- 
ble  to  see  the  leaves,  and  the  plant*  were  so  devitalized  that  they  failed 
to  grow.    Early  cabbages  suffered  severely,  and  some  growers  of  young 
plants  for  the  market  abandoned  their  crop  and  plowed  it  under.    E>am* 
age  was  especially  severe  on  young  plants  just  set  out  and  many  had  to 
be  replanted."    Popenoe  estimated  the  loss  in  Virginia  in  1908  at  65^  to 
80^  in  infested  fields.    Several  fields  near  Ithaca,  N.  Y.,  were  not  har- 
vested in  1909,  due  largely  to  the  injuries  caused  by  the  remarkable  num- 
ber of  lice  present  on  the  plants.    In  1909,  fields  of  cabbage  were  ploived 
up  early  in  the  season  because  the  growers  felt  that  they  could  not  save 
the  plants. 

On  Long  Island,  at  least,  this  aphis  is  responsible  for  more  or  less 
injury  to  the  seed-stalks  of  cabbages  so  that  seed  production,  in  some 
instances,  has  been  seriously  interfered  with.  Sirrine  cites  the  case  of 
Mr.  J.  M.  Lupton,  of  Mattit\ick,  an  extensive  grower  of  garden  seeds, 
whose  seed  cabbages  were  so  severely  injured  by  the  attacks  of  the  aphis 
on  the  seed-stalks  that  in  some  places  no  seed  was  produced.  Another 
grower  at  Queens  suffered  a  like  injury.  Undoubtedly  this  insect  is  a 
most  serious  pest  with  which  to  contend  in  growing  cabbages. 

FOOD  PLANTS 

Aside  from  cabbages,  this  aphis  attacks  and  injures  turnips,  cauliflow- 
ers, Brussels  sprouts,  rape,  kohl-rabi,  collard,  kale  and  broccoli.  It  is 
often  found  on  the  seed-stalks  of  radish  (Fig.  284b)  and,  as  we  have  seen, 
it  frequently  destroys  seed-stalks  of  cabbage.  In  addition  to  these,  it  has 
been  found  on  shepherd's  purse,  field-cress  (Isatis  tinctoria),  white  mus- 
tard (Brassica  alba)  charlock  (Brassica  (Sinapis)  arvensis),  black  mus- 
tard (Brassica  nigra),  wild  radish  (Raphanus  raphanistrum) ,  Brassica 
fructulosa,  Brassica  adpressa,  and  Diplotaxis  tenuifolia. 

One  correspondent  sent  in  a  sample  of  wild  mustard  (species  un- 
known), infested  with  the  cabbage  aphis  and  wanted  to  know  what  insect 
was  doing  him  the  great  favor  of  killing  this  weed.  The  aphis  was  found 
at  Ithaca  on  lamb's  quarters  and  pigweed,  but  they  were  standing  among 
rape  plants  and  must  probably  be  looked  upon  as  exceptional  food  plants. 

THE  QUESTION  OF  AN  ALTERNATE  FOOD  PLANT 

In  the  case  of  the  cabbage  aphis,  opinions  have  differed  regarding  its 
food  plant,  some  favoring  the  theory  that  there  was  an  alternate  food 
plant  and  others  that  the  entire  life  was  passed  on  the  one  host.  It 
seemed  to  us  that  a  determination  of  (i)  the  places  in  which  the  eggs 
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were  deposited  and  the  approximate  numbers  of  eggs  laid,  (2)  the  vital- 
ity of  the  eggs,  or  the  percentage  hatching  in  the  subsequent  spring,  and 
(3)  whether  the  stem-mothers  could  be  found  in  the  spring  on  the  cab- 
bages left  standing  in  the  field  over  winter,  would  throw  some  light  on 
the  question  of  an  alternate  food  plant. 

Regarding  the  first  point,  we  found  that  the  eggs  were  laid  on  the 
leaves  of  the  cabbage  in  great  abundance.  The  figures  in  detail  appear 
on  page  (731).  Suffice  it  to  say  here  that  as  many  as  343  were  found  on 
one  leaf,  and  from  an  actual  count  of  the  eggs  on  eighteen  average  leaves 
there  was  found  to  be  an  average  of  177  eggs  to  the  leaf. 

Regarding  the  second  point,  we  found  that  76^  of  the  ^gs,  gathered 
at  random  on  cabbage  leaves  with  no  data  relative  to  their  fertility, 
hatched  the  following  spring.  In  the  case  of  a  few  eggs  known  to  be  fer- 
tile, every  one  hatched  the  following  spring.  This  high  precentage  may 
have  been  abnormal.  One  would  hardly  expect  all  fertilized  eggs  to  pass 
the  winter  normally  and  hatch  in  every  case. 

Relative  to  the  third  point,  we  found  the  stem-mothers  present  on  the 
first  day  of  April,  1910,  in  considerable  numbers  on  the  cabbage  stumps 
in  old  fields  that  had  been  badly  infested  the  preceding  autumn.  In  one 
field,  which  had  been  plowed  the  preceding  autumn,  the  old  stalks  had 
sent  up  new  succulent  sprouts  (Fig.  285  a,  b)  and  among  the  leaves  of 
these  the  stem-mothers  were  counted  on  several  stumps  and  found  to 
number  4,  11,  31,  5,  and  9  respectively. 

In  another  garden  which  had  not  been  plowed  but  in  which  many  cab- 
bages were  left  standing,  the  stem-mothers  were  found  in  varying  num- 
bers. These  examinations  were  made  on  April  ist.  March  had  been  un- 
usually warm,  with  an  average  maximum  temperature  of  69**  and  an  aver- 
age minimum  temperature  of  42°  during  the  last  week  of  the  month. 
These  unusual  temperatures  had  probably  hastened  egg  hatching. 

Cooley  states  that  he  has  "  found  the  eggs  in  great  abundance  at  Boze- 
man  on  old  cabbage  and  cauliflower  stumps  that  were  left  in  the  field 
over  winter,  From  the  many  hundreds  of  eggs,  however,  that  were  ob- 
served, only  one  stem-mother  was  seen  to  have  hatched.  This  single 
louse  wandered  about  on  the  lifeless  stump  and  finally  perished."  The 
stem-mothers  would  certainly  perish  if  the  stump  remained  lifeless  and 
failed  to  put  forth  any  new  growth  in  the  spring.  But  a  cabbage  is  a 
biennial  and,  in  our  experience,  a  large  majority  of  these  old  stumps  do 
start  a  new  growth  in  the  spring  (Fig.  285)  and  thus  furnish  food. 
Moreover,  this  growth  evidently  starts  and  goes  on  for  a  time  at  the  ex- 
pense of  the  plant  food  stored  up  in  the  stump,  and  will  occur  even 
though  the  stumps  are  pulled  up  and  thrown  aside  if  the  surroundings 
are  not  too  dry  and  unfavorable.  The  stem-mothers,  however,  crawl 
down  in  among  the  leaves  of  the  bud  and  are  not  usually  visible  from  the 
outside. 
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The  fact  that  the  aphis  often  fails  to  appear  in  force  until    late   in 
the  season  hardly  seems  evidence  enough  to  justify  one  in  concluding' 
that  it  has  existed  up  to  that  time  on  some  food  plant  other  than  cabbage. 
Adverse  factors  often  v^ork  together  to  hold  the  aphis  in  check  until  late 
in  the  season,  although  it  may  be  present  in  small  numbers  that   have 
escaped  notice  from  early  spring.       Moreover,  infestations  occur  at  all 
times  of  the  growing  season.     Sometimes  the  aphides  are  noticeably  in- 
jurious early  in  the  season,  and  at  other  times  they  are  not  injurious  un- 
til late  in  the  season.    One  of  the  common  complaints  we  receive  is  that 
of  infestation  of  the  young  plants  in  the  seed-beds.     Very  likely,  in  such 
cases,  the  eggs  have  wintered  over  on  old  plants  left  standing  in  the  seed- 
bed or  in  the  near  Vicinity. 

After  all,  the  question  of  an  alternate  food  plant  still  remains  un- 
settled. One  thing  seems  quite  certain,  however,  that  although  the  aphis 
may  have  an  alternate  food  plant  it  certainly  does  not  always  depend 
upon  it. 

LIFE  HISTORY  OF  THE  APHIS 

In  general,  the  life  history  of  the  cabbage  aphis  is  like  that  of  the 
more  common  aphides  with  which  we  are  acquainted.     Briefly,  the  true 
females  appear  in  the  autumn,  are  fertilized  by  the  males,  and  deposit  the 
eggs  on  the  food  plant.    Here  the  eggs  remain  until  the  following  spring 
when  they  hatch  into  the  stem-mothers.    The  stem-mothers,  in  all  cases 
actually  observed,  give  birth  to  wingless  agamic  females  that  mature  in 
ten  to  fourteen  days  and  give  birth  to  many  young.     This  method  of 
reproduction  goes  on  throughout  the  season,  varied  now  and  then  by 
the  appearance  of  winged  agamic  females  that  fly  to  other  plants  where 
they  give  birth  to  young,  thus  serving  to  distribute  the  species.    The 
winged  agamic  females  are  apparently  produced  only  when  the  plant  be- 
comes abnormally  crowded  or  when  the  plant  loses  its  vitality  for  any 
reason  and  begins  to  droop  and  die.    We  have  observed  this  form  of  the 
female  to  appear  again  and  again  on  young  plants  that  were  not  particu- 
larly crowded,  but  that  had  been  neglected,  allowed  to  dry  and  wither, 
thus  affording  a  scant  food  supply.    The  winged  females  eventually  give 
birth  to  the  true  wingless  females  in  the  autumn,  thus  completing  the 
seasonal  history. 

DESCRIPTIONS  OF  FORMS 

Stem-mother. —  So  far  as  could  be  determined,  the  stem-mothers  are  similar  to 
other  apterous  vivipara  of  the  species  except  that  the  black  spots  are  somewhat 
less  distinct  and  are  sometimes  almost  obsolete. 

Apterous  agamic  female. —  Body  grayish  green,  pulverulent ;  antennae  (Fig.  286, 
i)  rather  dark  except  third  joint,  which  is  paler;  *joint  I,  .055  mm.,  joint  II,  .06mm., 
joint  III,  .35  mm.,  joint  IV,  .11  mm.,  joint  V,  .14  mm.,  joint  VI,  .085  mm.,  joint  VII, 
.24  mm.;  total  length,  1.04  mm.  A  large  sensorium  at  apex  of  fifth  segment;  one 
large  and  about  six  small  sensoria  at  junction  of  sixth  and  seventh  segments; 


^The  length  of  the  antennae  joints  vary  a  good  deal  in  diffexent 
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eyes  black,  beak  greenish,  darker  at  tip,  length  .38  mm.;  legs  rather  pale  brown, 
tarsi  black;  a  double  row  of  about  eight  or  nine  dark  patches  on  each   side  of 

the  mesal  line  of  dorsum  of  abdomen ;  a  mar- 
ginal row  of  four  or  five  black  spots  parallel 
to  the  dark  patches;  cornicles  dark,  cylindrical, 
length  .16  mm. ;  style  dark,  acute,  hirsute, 
faintly  imbricated,  .16  mm.,  width  .15  mm. 
Total  length  of  body  2.55  mm. 

Alate  agamic  female. —  Head  blackish  or 
brown,  antennae  (Fig.  286,  3)  dark,  imbri- 
cated; *joint  I,  .055  mm.,  joint  II,  .06  mm., 
joint  III,  .65  mm.,  joint  IV,  .25  mm.,  joint  V, 
.28  mm.,  joint  VI,  .13  mm.,  joint  VII,  .48  mm.; 
total  length,  1.9  mm.  Sensoria  of  third  seg- 
ment are  cirtular,  irregularly  placed  and  about 
50  in  number.  A  large  sensprium  at  tip  of 
fifth  segment;  one  large  and  six  small  sen- 
soria  at  jtmction  of  sixth  and  seventh  seg- 
ments, eyes  black;  ocelli  prominent;  beak 
darker  at  apex  than  at  base,  length  .4  mm.; 
prothorax  dark  brown;  mesothorax  and  meta- 
thorax  blackish;  wings  hyaline,  veins  brown- 
ish; stigma  brownish,*  .08  mm.  long,  .15  mm. 
«■        Bi  wide;  legs  dark  brown,  femora  lighter  at  base; 

ii  0  n       fl  abdomen  dull  green,  a  marginal  row  of  four 

J[  g       y^  black   spots   on    each    side    of    dorsum   and   a 

row  of  about  seven  dark  patches  extending 
along  the  center.  These  patches  and  spots  are 
often  found  coalesced  to  form  practically  con- 
tinuous dark  bands  across  the  abdomen  (Fig. 
28S)  ;  cornicles  dark,  cylindrical,  .11  mm.  long, 
style  dark,  hirsute,  acute,  faintly  embricated, 
.14  mm.  long,  .14  mm.  wide.  Total  length  of 
body  1.9  mm. 

Oviparous  female. —  Body  pale  green  or 
greenish  yellow;  antennae  (Fig.  286,  2)  some- 
what darker  green;  *joint  I,  .06  mm.,  joint  II, 
.055  mm.,  joint  LII,  .3  mm.,  joint  IV,  .12  mm., 
joint  V,  .125  mm.,  joint  VI,  .08  mm.,  joint  VII, 
.2  mm.;  total  length,  .94  mm.  A  single  large 
sensorium  at  apex  of  fifth  segment,  one  large 
and  about  six  smaller  sensoria  at  junction  of 
sixth  and  seventh  segments.  Eyes  blackish; 
beak  pale  green,  length  .35  mm.;  hind 
tibiae  bearing  numerous  sensoria;  a  row  of 
about  seven  black  spots  extending  along  each  side  of  the  dorsum;  abdomen  with 
a  double  row  of  about  five  dark  patches  extending  along  the  center  of  dorsum 
of  abdomen;  cornicles  dark,  cylindrical,  length  .111  mm.;  style  dark,  hirsute, 
acute;  length  .12  mm.,  width  .125  mm.    Total  length  of  body  2.2  mm. 

A/o/^.— Head  dark  greenish  brown  or  blackish,  antennae   (Fig.  286,  4)  brown; 
♦joint  I,  .05  mm.,  joint  II,  .057  mm.,  joint  III,  .5  mm.,  joint  IV,  ai  mnt,  joint  V,  ^ 


i     ^        3       4 

Fig.  286. —  Antennae  of  the  dif- 
ferent forms:  i,  wingless 
agamic  female;  2,  true  fe- 
male; 3,  winged  agamic  female; 
4,  male. 
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mm.,  joint  VI,  .084  mm.,  joint  VII,  .55  mm.;  total  length,  1.651  mm.  Sensoria  of 
third,  fourth,  and  fifth  segments  circular,  irregularly  placed,  about  50  to  65  in  third, 
12  to  15  in  fourth,  and  15  to  18  in  fifth;  one  large  sensorium  at  tip  of  Bfth  and  one 
large  and  about  six  small  sensoria  at  junction  of  sixth  and  seventh  segments; 
eyes  black;  ocelli  prominent;  beak  darker  at  apex  than  at  base,  length  .41  mm., 
extending  to  second  pair  of  coxae;  prothorax  dark  greenish  brown;  wings  hyaline, 
veins  and  stigma  brownish;  stigma  .7  mm.  long,  and  .12  mm.  wide;  wing  ex- 
panse 5.4  mm. ;  legs  dark  brown  or  black ;  femora,  especially  anterior  ones,  lighter 
at  base ;  abdomen  light  greenish  brown  or  yellowish ;  a  marginal  row  of  about  four 
black  spots  along  each  side  of  the  dorsum  and  a  double  row  of  about  six  dark 
patches  running  along  the  center ;  cornicles  dark,  Qrlindrical,  length  .09  mm. ;  style 
dark,  hirsute,  acute,  length  .1  mm.,  width  .12  mm.  Total  length  of  body  1.35  mm. 
Egg.-^Length  .65  mm.,  width  .15  mm.,  elongate  oval,  pale  yellow  or  yellowish 
g^een  in  color,  usually  becoming  shiny  black  within  a  few  days  after  being  laid. 


LIFE  PHASES  OF  THE  DIFFERENT  FORMS 

Stem-mother. —  Stem-mothers  were  first  observed  in  the  field  on  April 
1st.  They  were  in  the  first  stage  and  had  apparently  emerged  the  day 
before.  In  general  appearance,  both  while  young  and  when  mature,  they 
resemble  the  later  wingless  agamic  females  in  their  different  stages.  They 
were,  in  most  cases,  found  on  the  tender  growth  at  the  center  of  the 
stalks  of  cabbage  which  had  been  left  standing  in  the  field  or  upon  shoots 
sent  up  from  old  stumps  (Fig.  285,  b). 

Those  stem-mothers  hatched  from  eggs  in  the  insectary  were  quite 
active  and  soon  crawled  away  from  the  egg  case.  They  matured  in 
about  fourteen  days,  molting  at  intervals  of  two  or  three  days.    The 

mature  aphis  in  all  cases 
observed,  was  wingless 
and  bore  the  typical  pul- 
verulence.  It  bore  young 
which  developed  into  the 
first  generation  of  wing- 
less agamic  females.  The 
accompanying  table  gives 
the  record  of  sixteen 
stem-mothers  which 
hatched  and  were  reared 
in  the  insectary.  The 
average  length  of  life  of 
a  stem-mother  deter- 
mined from  the  complete 
records  of  16  individuals 
was  44  13/16  days.  The 
maximum  length  of  life 
was  50  daytcr^i^^wini- 


FiG.  2S7»'^Wingless  agamic  female. 
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mum  41  days.  The  average  number  of  young  produced  by  a  stem- 
mother  was  43 J'^,  the  maximum  number  being  53  and  the  minimum  27. 
The  molts  are  indicated  by  the  letter  M  with  its  numeral ;  the  number  of 
young  produced  each  day  is  shown  ;  and  the  letter  D  indicates  the  death 
of  the  individual. 

The  wingless  agamic  form, —  This  is  the  form  that  is  present  in 
greatest  numbers  and  causes  the  most  injury  (Fig.  287).  In  general,  the 
abdomen  is  broader  than  that  of  the  oviparous  female  and  usually 
carries  a  greater  abundance  of  wax  secretion.  However,  it  is  often  diffi- 
cult to  distinguish  one  of  these  forms  from  the  other,  for  each  is  liable 
to  vary  toward  a  common  resemblance.  A  careful  examination  of  the 
hind  tibiae,  as  pointed  out  in  the  descriptions,  will  serve  as  a  criterion  of 
differentiation.  The  time  required  for  development  varies,  as  will  be 
seen  by  the  accompanying  table.  The  variations  are  apparently  due  to 
changes  in  temperature  and  climatic  conditions.  The  same  arrangement 
is  followed  in  this  table  as  in  the  preceding  one. 

It  will  be  seen  that  the  average  time  of  maturity  —  from  birth  to  last 
molt  —  for  the  21  individuals  was  12  17/21  days;  the  average  length  of 
life  46  1/7  days  and  the  average  number  of  young  produced  41+.  The 
highest  number  of  young  produced  in  one  day  was  6.  It  will  be  noted 
that  the  period  of  development  and  th^  production  of  young  varied  with 
the  variations  in  climatic  conditions.  The  warmer  parts  of  the  season 
in  September  and  October  were  more  favorable  for  quick  maturity  and 
greater  numbers  of  young.  The  number  of  molts  is  four  and  the  time 
bttween  them  is  shown  in  the  table. 

During  the  winter  of  igio-'ii  we  carried  through  three  other  agamic 
females  that  lived  45,  47,  and  52  days,  and  bore  69,  70,  and  67  young 
respectively. 

Winged  agamic  female. —  Next  to  the  wingless  agamic  female  this  is 
the  most  common  form.  The  period  of  development  is  about  the  same 
as  that  of  the  wingless  form,  with  like  intervals  between  the  molts  and 
the  same  number  of  molts.  We  were  unable  to  distinguish  the  two 
forms  until  at  the  time  of  the  third  molt  when  the  wing  pads  appeared. 

The  length  of  life  of  the  winged  females  (Fig.  288),  in  the  insectary, 
at  least,  was  much  shorter  than  that  of  the  wingless  agamic  females. 
Nymphs  isolated  just  before  maturity  gave  birth  to  4,  3,  2,  6,  8,  7,  and  13 
young  respectively,  after  which  the  mothers  died,  in  no  case  living  more 
than  ten  days  after  maturity.  In  some  cases  they  failed  to  bear  any 
young.  The  forms  reared  in  the  insectary  during  the  winter  months 
were  smaller  than  those  in  the  fields  during  the  warmer  seaspn. 
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During  the  winter  of  1910-1911  we  had  two  winged  agamic  females 
that  lived  24  and  32  days  and  bore  11  and  19  young  respectively. 

Sexual  forms. — The  males  (Fig.  289)  and  the  oviparous  females  (  Fig. 
290)  were  first  noticed  on  October  loth.    At  this  time  eggs  were   also 


Fig.  288. — Winged  agamic  female. 

found  in  abundance.     Probably  eggs  had  been  deposited  some  days  be- 
fore, for  the,  latter  part  of  September  and  the  first  part  of  October  had 


289. —  Male;  end  of  the  abdomen  below. 


been  quite  cool  with  maximums  of  55  to  60  degrees  and  minimums  of  J^ 
to  47  degrees.  The  sexual  forms  continued  present  in  the  fields  and  in 
gradually  increasing  numbers  until  the  latter  part  of  November. 
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The  sexual  forms  were  observed  in  copula  several  times.  In  copula- 
tion, the  male  would  lift 
the  body  of  the  female 
with  his  last  pair  of  legs 
until  the  caudal  portion 
pointed  upward  at  an 
angle  of  about  20  de- 
grees. The  time  occupied 
in  copulation  varied  from 
six  to  ten  minutes.  The 
males  paired  with  more 
than  one  female  and  f re- 
q  u  e  n  1 1  y  showed  great 
stupidity  in  their  selec- 
tion, often  attempting  to 
.Fig.  290.— 'True  oviparous  female.  pair  with   nymphs.     The 

females  oviposited  in  about  24  hours  after  copulation,  as  may  be  seen 

from  the  following  record: 

1.  Oct.  isth.  Paired  at  12  M.     Eggs  laid  Oct.  i6th,  2  P.  M. 

2.  Oct.  15th.  Paired  at  12:20  P.  M.    Eggs  laid  Oct.   i6th,  i  P.  M. 

3.  Oct.  15th.  Paired  at  12:45  P.  M.     Eggs  laid  Oct.  i6th,  3  R  M. 

4.  Oct.  22nd.  Paired  at  4  P.  M.     Eggs  laid  Oct.  23rd,  6  P.  M. 


The  intervals  between  oviposition  varied  somewhat,  as  may  be  seen 
from  the  accompanying  table,  which  gives  the  records  of  sixteen  females 
isolated  at  various  times.  It  will  be  seen  that  the  record  is  most  variable, 
the  oviposition  in  some  cases  being  at  quite  regular  intervals  with  death 
occurring  a  few  days  after  the  last  tgg  was  laid.  In  other  cases  long 
intervals  occurred  betw^een  periods  of  oviposition,  with  the  insect  living 
perhaps  a  long  time  after  the  eggs  were  laid.  Webster  found  that 
Toxoptcra  graminum  would  not  oviposit  without  having  been  fertilized, 
but,  in  a  number  of  cases,  females  of  A,  brassiccc  oviposited  when  we 
had  them  entirely  isolated.  At  least  they  were  so  carefully  isolated  that 
we  do  not  see  how  a  male  could  have  obtained  access  to  them.  In  the 
table,  oviposition  is  shown  by  a  cross  and  death  by  the  letter  d. 

Although  the  oviparous  females  are  probably  produced  normally  by 
the  winged  agamic  females,  yet  in  two  cases  the  junior  author  found 
them  borne  by  the  wingless  agamic  females. 

The  length  of  life  of  two  oviparous  females  was  determined  by  isolat- 
ing them  as  soon  as  they  were  born.  These  two  specimens  lived  33  and 
35  days  respectively.  The  largest  number  of  eggs  laid  'are  seen  to  be 
five,  but  we  have  females  mounted  on  slides  that  show  seveiiiikthe  body. 
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Jm(;.  2S4.—  A,  aphides  clustered  on  leaf;  b,  aphides  clus- 
tered on    seed-stalk  of  radish. 
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Fi(..  285. —  /^,  stuni/y  of  cabbage  showitig  grozvtii  in  spring;  b,  stem- 
mothers  on  a  sprout;  c,  field  of  old  stumps  in  spring. 
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Fig.  291. —  Eggs  on  cabbage  leaf;  female  with  colony  of  yout^  j 

empiy  skins  of  parasitized  aphides.      Digitized  by  V^OOglC 
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Fig.  292. — A,  Aphidius  piceiis;  b,  Xystus'  brassictv;  c,  Asaphes  rufipes;  d, 
Pachyneuron  micans;  e,  two  eggs  of  Syrphus  fly;  /,  Syrphus  rihesii;  9, 
lart'a  of  lady-bird. 
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The  egg. —  Eggs   (Fig.  291)   were  found  on  rape,  turnip,  Brussels 
sprouts,  kohlrabi,  and  cabbage.     They  were  laid  in  greatest  numbers  on 
the  under  sides  of  the  leaves.     On  small  plants  in  the  insectary  which 
*Avere  not  allowed  to  become  crowded,  the  eggs  were  laid  only  on  the  under 
sides  of  the  leaves.    When  first  laid,  the  eggs  are  of  a  pale  greenish-yel- 
low color.     Later  they  turn  dark  and  finally  become  almost  black.    Some 
eggs  turn  dark  in  twenty-four  hours  while  others  remain  light  for  days. 
The  eggs  are  often  dragged  about  by  the  female,  and  this  may  account  for 
the  so-called  bloom  found  by  Weed  on  some  of  them,  the  waxy  coating 
from  the  epidermis  of  the  plant  having  adhered  to  them.    The  following 
record  gives  an  adequate  idea  of  the  numbers  of  eggs  found  on  the 
leaves  of  cabbage: 

The  University  Gardens 

Lower  Upper 

No.  Surface  Surface  Total 

1 183  41  224 

2 82  21  103 

3 ....36  16  52 

4 42  6  48 

5 60  15  75 

6 22  69  91 

7 73  42  .                115 

8 45  47  92 

9 ••93  32  125 

10 69  22  91 

II 68  12  80 

12 263  78  341 


The  Hook  Gardens 

Lower  Upper 

No.                                  Surface  Surface 

1 218  125 

2 189  91 

3 205  11*2 

4 17s  133 

5 118  153 

•6 129  III 

Total 2070  1126 


Average  on  lower  surface  115,  average  on  upper  surface  6a  5-9. 


Total 

342 
280 

317 
308 
271 
240 

3196 
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A  number  of  eggs  known  to  be  fertile  were  placed  in  glass  cylinders, 
the  ends  of  which  were  covered  with  muslin,  and  kept  out-of-doors  dur- 
ing the  winter.    All  of  these  eggs  hatched  in  the  spring. 

In  addition  to  these,  leaves  bearing  eggs  were  placed  on  the  ground  in 
a  wire  cage  to  see  what  percentage  would  hatch  in  the  spring".  Some 
of  these  were  brought  into  the  insectary  on  March  5th  and  the  young 
began  to  emerge  on  March  i6th.  Out  of  a  total  of  47  eggs,  36  hatched, 
or  a  trifle  over  76  per  cent.  The  eggs  laid  on  October  15th  and  i6th 
hatched  in  the  field  on  March  30th,  thus  giving  five  and  one-half  months 
as  the  period  of  incubation.    The  spring  of  1910  was  rather  early. 


NUMBER  OF  GENERATIONS    IN   A   YEAR 

The  stem-mothers  found  in  the  spring  on  the  cabbage  stumps  on 
March  31,  1910,  were  brought  into  the  Insectary  and  the  number  of 
generations  produced  in  one  year  was  obtained.  The  following  table  will 
give  them  in  detail: 

Time  of  maturity 
iQio  Days 

14 


Stem-mothers   hatched March  31 . 

First  generation  appeared April  14. 

Second  generation  appeared April  26. 

Third   generation   appeared.... May  9. 

Fourth   generation   appeared May  22. 

Fifth  generation  appeared June  2. 

Sixth   generation   appeared June  13 . 

Seventh  generation  appeared June  22. 

Eighth   generation   appeared July  2. 

Ninth  generation   appeared July  12. 

Tenth  generation  appeared July  24. 

Eleventh   generation    appeared Aug.  4. 

Twelfth  generation  appeared Aug.  15. 

Thirteenth   generation   appeared Aug-  25 . 

Fourteenth  generation  appeared Sept.  8. 

Fifteenth   generation  appeared Sept  17. 

Sixteenth  generation  appeared..... Oct.  2. 

Seventeenth   generation    appeared Oct.    '  13. 

Eighteenth  generation  appeared Oct.  27. 

Nineteenth   generation   appeared Nov.  10. 

Twentieth  generation  appeared Nov.  21. 

Twenty-first   generation    appeared Dec.  2. 

Twenty-second  generation  appeared Dec.  18. 


12 
13 
13 
II 
II 

9 
10 
10 
12 
II 
II 
10 
14 

9 
IS 
II 

14 
14 
II 
12 
16 
IS 
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Time  of  maturity 
lOio  Days 

Twenty-third  generation  appeared Jan.         2 16 

Twenty- fourth   generation    appeared Jan.       18 14 

Twenty-fifth,  generation   appeared Feb.         i 12 

Twenty-sixth  generation  appeared Feb.       14 14 

Twenty-seventh  generation  appeared....     Feb.      28 14 

Twenty-eighth  generation  appeared March   14 12 

Twenty-ninth  generation  appeared March  26 11 

Thirtieth  generation  appeared April       6 

It  will  be  seen  from  this  table  that  there  were  thirty  generations 
in  approximately  one  year  with  an  average  for  each  generation  of 
12%  days. 

RATE  OF  INCREASE 

The  rate  of  increase  of  plant  lice  is  very  rapid  and  the  number  that 
may  be  produced  in  a  season,  starting  from  one  stem-mother  in  the 
spring  is  really  beyond  belief.  The  cabbage  aphis  will  compare  favorably 
in  its  rate  of  increase  with  other  species  with  which  we  are  acquainted. 
From  our  records  we  find  that  there  may  be  16  generations  from  March 
31  to  October  2,  and  all  of  these  may  be  borne  in  the  field  in  some 
seasons.  We  have  also  seen  that  one  female  may  bear  50,  60,  or  even 
70  young,  and  each  of  these  in  turn  may  bear  as  many  young,  and  so 
on  throughout  the  season.  If  we  were  to  take  50  young  as  an  average, 
we  should  get  an  incredible  number  of  aphides  by  September  i  from 
the  one  stem-mother  in  the  spring. 

Mr.  S.  J.  Hunter,  in  his  work  with  the  grain  aphis,  which  in- 
creases at  about  the  same  rate  as  the  cabbage  aphis,  estimates  that 
by  October  i  there  would  be  222,759,713,969,919,923,898,212  grain 
aphides  springing  from  a  single  stem-mother  born  April  i. 

It  is  not  surprising,  in  the  light  of  these  facts,  that  there  is  often 
about  as  much  aphid  (animal)  matter  on  a  cabbage  leaf  as  there  is  of 
vegetable  substance  in  the  leaf.  Neither  is  it  surprising,  if  when  in 
spraying  cabbages  a  few  aphides  are  left,  that  the  pl&nts  are  again 
covered  with  them  in  a  few  days. 

HIBERNATION   OF  THE  ADULTS 

Farther  south  the  adults  undoubtedly  spend  their  winters  in  the 
open  on  cabbage  plants.  The  senior  author  has  seen  them  in  midwinter  on 
cabbages  at  Agricultural  College,  Miss.,  and  Weed,  who  was  formerly 
at  the  Mississippi  Agricultural  College,  says,  *'  On  the  Station  grounds 
the  past  winter  the  aphides  were  to  be  found  upon  growpg  cabbpge 
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plants  at  all  times."  Quaintance  (Florida)  says,  "The  food  supply 
and  the  mildness  of  the  winter  often  allow  the  insect  to  pass  the  winter 
without  the  production  of  males  and  females  and  winter  eggs/'  Webster 
and  Sherman  report  the  hibernation  of  the  insect  in  the  open  in  Texas 
and  North  Carolina, 

To  determine  whether  the  insect  could  pass  the  winter  on  cab- 
bages in  the  field  at  Ithaca  a  number  of  well-developed  plants  were  set 
near  the  insectary  and  covered  with  cages  of  cheese  doth.  Prequent 
observations  were  made. 

The  aphides  flourished  and  continued  to  increase  until  the   middle 
of   November  when  minimum  temperatures  of  20  degrees    "were  not 
uncommon.     Apparently  no  young  were  produced  after  the  middle  of 
November.    Near  the  end  of  the  month  activity  apparently  ceased  and 
the  aphides  began  gradually  to  decrease  in  numbers.    On  January  4th 
the  temperature  fell  to  one  degree  below  zero,  and  only  a  few  survived. 
On  the   following  night,  however,  the  temperature  fell  to  5    degrees 
below  and  all  of  the  aphides  apparently  succumbed.     Mr.  Sirrine  says 
that  this  aphid  can  survive  the  winter  on  cabbage  stored  in  cellars  and 
pits,  also  that  the  cabbage  stored  in  pits  for  seed  purposes  furnishes 
the  supply  of   aphides   for  infesting  the  seed-stalks   in  early    spring. 
Cabbages  that  had  been  stored  in  a  pit  in  the  fall  at  the  University 
gardens  were  examined  but,  even  though  they  had  been  badly  infested 
the  previous  season,  no  living  aphides  were  found.    It  is  quite  probable 
that  the  eggs  of  the  aphis  would  survive  the  winter  on  these  stored 
cabbages  and,  hatching  the  next  year,  would  serve  to  infest  the  seed- 
stalks.     It  would  seem  from  our  observations  that  this  aphid  usuaDy 
passes  the  winter  in  the  egg  stage. 

'  NATURAL  ENEMIES 

Fortunately,  the  cabbage  aphis  has  many  predaceous  and  parasitic 
enemies.  In  ordinary  seasons  it  is  probable  that  the  aphis  is  held  in 
check  by  its  enemies.  When  the  conditions,  however,  are  unfavorable 
for  the  development  and  increase  of  its  enemies,  the  aphid,  if  the  con- 
ditions are  favorable  for  it,  increases  without  hindrance  and  becomes 
exceedingly  abundant.  We  know  very  little  of  the  relations  of  these 
parasites  to  climatic  conditions  and  to  their  host.  It  is  quite  probable, 
as  observers  have  suggested,  that  a  cold  wet  spring  retards  the 
development  of  the  parasites  but  does  not  hinder  the  increase  of  the 
aphides.  Thus,  under  these  conditions,  the  aphides  get  the  start  of 
their  enemies  and  obtain  a  good  foothold  before  the  parasites  are 
present  in  numbers  sufficient  to  make  an  effective  attack.  Later  in 
the  season,  however,  the  parasites  may  increase  in  such  numbers  that 
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tliey  will  overcome  the  aphides  and  check  their  injuries.     During  the 
season  of  1910,  this  happened  in  many  cabbage  fields  in  New  York. 

Parasitic  enemies. —  At  least  two  species  of  primary  parasites  are 
abundant  in  New  York  State,  apparently  wherever  the  aphis  occurs. 
We  have  bred  these  two  species,  Xystus  brassicce  Ashm.  (Fig.  292,  b)  and 
^phidius  (Diaeretus)  piceus  Cress.  (Fig.  292,  a)  from  aphides  here  at 
Ithaca  and  at  Groton,  N.  Y.,  in  great  abundance.  It  would  seem  as 
though  the  former  remains  active  during  lower  temperatures  than  the 
latter.  At  least  Xystus  was  active  in  the  fall  after  Aphidius  had  almost 
disappeared,  although  the  latter  became  active  again  when  removed  to  the 
warmer  temperatures  of  the  insectary  and  actually  destroyed  a  colony 
of  aphides.  The  manner  of  oviposition  of  the  two  species  has  been  fre- 
quently observed.  Aphidius  faces  its  host  and  bends  the  tip  of  the  abdo- 
men forward  between  the  legs.  In  this  position  she  tests  various  parts 
of  the  body  in  spite  of  the  struggles  of  the  aphid,  finally  inserts  the  ovi- 
positor and  deposits  the  egg.  The  whole  operation  is  performed  very 
quickly  and  several  aphides  are  parasitized  in  a  short  time.  The  following 
records  of  oviposition  are  of  interest : 

3  aphides  parasitized  in  30  seconds 

5  aphides  parasitized  in  56  seconds 

2  aphides  parasitized  in  25  seconds 

3  aphides  parasitized  in  32  seconds 

4  aphides  parasitized  in  41   seconds 

Aphidius  was  first  noted  in  the  field  in  1910  on  April  6th,  which 
was  early  enough  to  catch  some  of  the  stem-mothers,  for  two  of  them 
brought  from  the  Hook  gardens  on  April  ist  had  already  been  para- 
sitized. The  adult  parasite  issued  on  April  21st,  thus  giving  21  days 
as  the  approximate  period  of  develofMnent. 

Xystus  is  slower  and  quite  diflFerent  in  her  manner  of  oviposition. 
She  crawls  on  the  back  of  her  host  and  inserts  her  ovipositor  from  that 
point  of  vantage.    The  following  records  of  oviposition  are  of  interest: 

4  aphides  parasitized  in  2J/2  minutes 

8  aphides  parasitized  in  5  minutes 

4  aphides  parasitized  in  2  minutes 

3  aphides  parasitized  in  1J/2  minutes 

2  aphides  parasitized  in  ij^  minutes 

Notwithstanding  the  fact  that  Xystus  was  slower  in  ovipositing, 
yet  when  cabbage  leaves  were  brought  in  for  the  rearing  of  parasites 
it  appeared  in  greater  numbers  than  Aphidius,  at  least  during  the  months 
of  October  and  November.    Here  in  Central  New  York,  at  kast,  these 
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two  parasites   are  the   most  effective   enemies  of   the   cabt>si.^o      * 
Twelve  leaves  examined  in  October  showed  the  following  numt>ei 
parasitized  bodies  and  empty  skins.:  385,  264,  252,  332,  289,     3^^, 
321,  263,  276,  311,  and  291,  respectively. 

Other  insects  reared  from  the  bodies  of  aphides  on  cabl>ag^e  le; 
were  Asaphes  ruApes  Brues  (Fig.  292,  c)  and  Pachyneuron  micatts^  H 
(Fig.  292,  d).  Dr.  L.  O.  Howard  says  that  the  latter  has  been  rea 
from  the  larvae  of  Syrphus  flies  and  Mr.  J.  C.  Crawford  adds  that  "  ii 
supposed  to  be  a  parasite  upon  the  Braconid,  A.  piceas," 

Asaphes  ruApes  is  a  recently  described  form  and  is  supposed   to 
a  hyperparasite.     It  was  reared  from  an  aphid  (probably  Aphis  a/^ 
phicis)  on  chenopodium  by  Mr.  Paul  Hayhurst  and  described    by   Pn 
fessor  Brues.    It  appeared  in  the  insectary  in  extremely  large  ntunbei 
during  the  winter  months,  outnumbering  all  the  other  forms  at  this  titn^ 

Several  other  parasites  and  probably  hyperparasites  have  been  brec 
from  the  cabbage  aphis.  Ashmead  reports  the  rearing  of  Xystus  bras- 
skte,  Pachyneuron  aphidivora,  and  Encyrtus  aphidiphigus.  Webster  has 
reared  Xystus  brassicce,  Lysiphlebus  rapce,  and  Diplosis  aphidiphigus. 

From  Europe,  Buckton  and  Curtis  mention  an  Asaphes,  a  Ceraphron, 
and  a  Coruna.    Probably  some  or  all  of  these  are  hyperparasites. 

Predaceous  enemies. —  In  addition  to  its  parasitic  enemies,  the  cab- 
bage aphis  has  many  enemies  that  prey  upon  it.     Among  the  most 
prominent  of  these  predaceous  enemies  are  the  lady-bird  beetles.     At 
least  six  species  of  the  lady-birds  have  been  recorded  as  feeding  on  this 
insect.     Both  th^  larvae  and  the  adults  of  these  beetles  feed  on  the 
aphides.    Two  species  were  very  abundant  in  1910,  namely,  Adalio  hi- 
punctata  and  Hippodamia  convergens,  and  did  very  effective  work  in 
destroying  the  aphides.     Ashmead  found  Scymnus  cervicdis  feeding 
on  the  aphis  in  Florida  and  Webster  reports  Megilla  maculata,  Hippo- 
damia glacialis,  and  Coccinclla  novemnotata,  as  the  most  efficient  forms 
in  Ohio.    Concerning  the  last  species  Chittenden  says,  it  '*  is  one  of  tiie 
most  active  of  the  lady-bird  destroyers  of  aphides  affecting  vegetable 
crops  and,  in  some  seasons,  has  been  observed  in  great  abundance  destroy- 
ing this  cabbage  aphis."     But  he  believes  H.   convergens  to  be  "the 
most  efficient  destroyer  of  injurious  aphides  affecting  crops  and  other 
low-growing  plants."    It  seems  to  the  authors  that  Aphidius  piceus  and 
Hippodamia  convergens  are  the  most  efficient  enemies  in  the  control  oi 
the  cabbage  aphis.     Seasons  favorable  for  the  development  and  increase 
of  these  two  enemies  will  rarely,  if  ever,  be  seasons  of  serious  injur)*  by 
the  aphides. 

In  additon  to  the  lady-birds,  the  larva&'of  Syrphus  fles  are  effective 
enemies  of  the  cabbage  aphis.     At  least  four  species,  Sphaerophom 
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cylindrica  Say,  Allograpta  obliqua  Say,  Syrphus  americana  Wied.,  and 
Syrphus  ribesii  (Fig.  292,  f )  were  seen  feeding  on  the  aphis  in  this  State. 
The  long,  oval,  white  eggs  are  deposited  among  the  colonies  of  aphides 
where  the  larvae,  when  they  appear,  find  themselves  surrounded  by  their 
food  supply.  As  soon  as  the  larvae  hatch  they  begin  to  seize  upon  the 
aphides  and  to  devour  them,  although  they  are  much  larger  than  the 
larvae  themselves.  As  the  larvae  increase  in  size,  they  devour  many 
more  aphides  per  individual  and  become  very  eflFective  enemies. 

The  larvae  of  the  aphis  lions,  Chrysopa  spp.,  are  also  predaceous 
on  the  cabbage  aphis.  They  undoubtedly  destroy  many  aphides  but  are 
probably  not  of  nearly  so  much  importance  as  the  other  predaceous 
forms. 

METHODS   OF   CONTROL 

As  a  class,  the  aphides  are  difficult  insect  pests  to  control.  They  ai^e 
small,  are  usually  exceedingly  abundant,  and  most  of  them  cause  a 
curling  of  the  leaves  on  which  they  feed,  thus  affording  themselves  a 
shelter  that  protects  them  from  any  caustic  sprays.  In  addition  to  this, 
each  aphid,  in  order  to  be  killed,  must  be  actually  hit  with  the  spray 
solution.  It  is  easy  to  see  how  numerous  the  opportunities  are  for  a 
few  or  many  of  them  to  escape;  and  since,  as  we  have  seen,  they  in- 
crease so  rapidly,  they  soon  overrun  the  plants  again.  These  conditions 
often  necessitate  frequent  and  thorough  spraying,  which  is  expensive. 

Destruction  of  cabbage  leaves  and  stumps, —  It  is  evident  from  what 
we  have  learned  of  the  egg-laying  habits  of  the  cabbage  aphis  that  the 
old  leaves  and  stumps  left  in  the  fields  should  be  destroyed  or  buried  or 
gotten  rid  of  in  some  way.  Probably  a  very  good  way  of  getting  rid 
of  them  is  to  pull  them  and  lay  them  in  the  bottoms  of  the  furrows  as 
the  field  is  being  plowed,  thus  effectually  burying  them.  The  stumps 
are  usually  so  long  that  they  cannot  be  buried  in  the  natural  process  of 
plowing.  An  effort  was  made  in  the  spring  of  1909  to  plow  the  stumps 
under  in  a  large  field  with  the  result  that  the  ends  of  most  of  them 
were  left  sticking  out  of  the  ground.  Certainly  the  field  should  not  be 
left  in  such  a  condition,  and  special  care  and  effort  must  be  taken  to  get  the 
stumps  entirely  out  of  the  way.  Of  course,  this  measure  will  be  most 
effective  when  all  the  growers  in  a  locality  practice  it.  There  can  be 
no  doubt  that  the  destruction  of  the  eggs  will  aid  in  preventing  the  early 
infestation  of  cabbage  and  thus  give  the  plants  an  opportunity  to  get 
well  established.  The  injuries  of  the  aphis  to  young  plants  are  often 
very  serious  and  handicap  the  crop  at  the  very  beginninjg.  Care  should 
also  be  taken  to  destroy  the  wild  mustard  and  shepherd's  purse  about 
the  edges  of  the  field,  for  the  aphides  live  and  thrive  on  these  plants. 
These  precautions  should  be  taken  even  though  cabbages  are  not  set  two 
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successive  years  on  the  same  land.  If  the  plants  are  put  in  an  adjacent 
field,  winged  forms  will  soon  be  produced  on  the  old  stumps  and  these 
willfly  to  the  nearby  fields  and  infest  the  cabbage  plants. 

Treatment  of  seed-bed  plants, —  The  young  plants  in    the    seed-bed 
are  oftep  infested  with  aphides  before  it  is  time  to  set  them  in  the  field 
In  many  cases  this  undoubtedly  comes  from  leaving  plants   standing  in 
and  about  the  bed  from  the  year  before.    On  these  the  egg's  are  carried 
over   and   the  stem-mothers   hatching  in   the  spring  infest    the    young 
plants.    In  the  first  place,  then,  the  seed-bed  should  be  thoroughly  cleaned 
up  after  the  supply  of  plants  is  obtained.    Any  wild  mustard,  shepherd's 
purse,  or  other  weeds  harboring  the  aphides  that  may  be  growingr  near 
should  be  destroyed.    In  spite  of  these  precautions,  however,  the  plants 
are  often  infested.     In  that  case  they  may  be  dipped  in  a    solution  of 
soap  or  they  may  be  fumigated  with  tobacco  paper. 

Dipping  seed-bed  plants. —  During  the  past  season  a  series  of  ex- 
periments in  dipping  seed-bed  plants  in  various  solutions  was  performed 
in  response  to  inquiries  concerning  methods  of  freeing  these  young 
plants  from  the  lice. 

A  home-made  fish-oil  soap,  after  the  following  formula  devised  by 
Van  Slyke  and  Urner,  was  used  with  good  results:  / 

Caustic   soda    6      lbs.    or  i  J4  lbs. 

Water    lyi  gals,  or  lyi  qts. 

Fish-oil 22      lbs.    or  sj/i  lbs. 


It  is  often  tiresome  to  make  up  as  large  an  amount  as  called  for  in 
the  first  formula,  so  we  have -given  the  second  and  smaller  formula 
which  will  make  about  ten  pounds  of  soap,  enough  for  80  or  120 
gallons  of  mixture,  depending  upon  the  rate  of  dilution. 

In  making  this  soap  the  water  is  used  at  ordinary  temperature,  no 
boiling  or  heating  being  necessary.     The  caustic  soda  is  placed  in  the 
water  and  stirred  until   dissolved.     When  completely  in  solution,  add 
the  fish-oil  gradually,  in  the  meantime  stirring  the  mixture  vigorously. 
Complete  and  thorough  stirring  while  the  oil  is  being  slowly  poured  into 
the  water  and  soda  is  absolutely  necessary.     This  gives  a  fish-oil  soap 
at  ordinary  temperatures  that  has  no  free  alkali,  is  of  known  wafer 
content,  and  is  a  very  effective  contact  insecticide.     Sometimes  a  little 
more  water  is  needed  to  dissolve  the  soda  but  this  does  no  harm.    Fhnts 
were  dipped   (heads  downward,  and  up  to  the  roots,  care  being  taken 
not  to  wet  the  latter),  in  solutions  of  this  soap  with  the  proportions  of 
I  to  8,  I  to  10,  and  i  to  15.     The  solutions  of  i  to  8  were  entirely 
effective,  killing  every  aphid  hit.     The  weaker  ones  were  not  entirely 
effective. 
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No  burning  of  the  plants  was  induced  so  long  as  the  plants  were 
dipped  singly.  In  a  series  of  experiments  in  which  many  plants  were 
dipped  in  bunches  of  dozens  and  half-dozens  and  allowed  to  lie  until 
set  out,  and  in  some  cases  allowed  to  lie  a  half-hour  in  the  sun,  burn- 
ing was  experienced  in  one  case  only.  Thi&  was  in  the  case  of  a  bunch 
of  plants  that  had  lain  one-half  hour  in  the  sun  with  the  roots  unpro- 
tected. The  burning,,  however,  affected  only  the  outer  leaves  and  the 
plants  recuperated  veryquickly.  In  the  case  of  those  plants  which  were 
dipped  in  bunches,  some  aphides  always  escaped  being  hit. 

A  similar  series  of  experiments  was  performed  with  Leggett's  Anchor 
Brand  of  whale-oil  soap.  The  solutions  of  i  to  8  gave  just  as  good 
results  as  like  solutions  of  the  fish-oil  soap.  The  weaker  solutions  of 
1  to  10  and  I  to  15  did  not  give  as  good  results  in  killing  the  aphis  as 
like  solutions  of  the  fish-oil  soap.  This  perhaps  shows  a  higher  water 
content  and  consequent,  weaker  solutions. 

Plants  were  also  dipped  in  "  Black-leaf "  tobacco  extract  at  the 
rate  of  i  to  100.  All  plants  bore  living  aphides  and  no  dead  ones 
were  found.  No  injury  to  leaves  resulted.  When  plants  were  dipped 
in  '*  Black-leaf  "  i  to  64  a  few  aphides  were  killed,  but  many  were  left 
alive.    No  injury  to  plants  resulted. 

These  results,  should  not  be  interpreted  as  showing  that  "Black- 
leaf  "  will  not  kill  the  cabbage  louse.  As  a  matter  of  fact,  it  is  a  very 
effective  killing  agent  for  this  pest  when  applied  with  force,  as  we  have 
demonstrated  in  laboratory  and  field  experiments.  In  dipping  plants 
the  solution  simply  runs  off  of  the  aphides  and  leaves  with  apparently 
little  caustic  or  killing  effect.  If  we  had  added  a  small  amount  .of  soap 
no  doubt  the  extract  would  have  stuck  and  done  its  work. 

A  series  of  plants  dipped  in  solutions  of  lime-sulfur,  32.5°  Beaume, 
in  the  proportions  of  1-40  and  1-30,  were  quite  badly  burned  in  every 
case  and  only  a  small  per  cent  of  aphides  was  killed.  The  tendency 
of  the  lime-sulfur  to  run  off  the  leaves  without  apparently  touching  the 
aphides  was  almost  as  marked  as  in  the  case  of  the  tobacco  extract. 

In  our  laboratory  experiments  in  which  individual  plants  well  in- 
fested with  lice  were  sprayed  with  solutions  of  lime-sulfur  at  the  rate 
of  I  part  to  20,  I  part  to  15,  and  i  part  to  10  of  water,  respectively, 
the  plants  were  injured  in  every  case  and  but  55  to  65  per  cent  of  the 
aphides  were  killed. 

In  the  light  o£  our  present  but  rather  limited  experience  we  cannot 
recommend  lime-sulfur  for  dipping  or  spraying  cabbage  plants  to  combat 
the  aphis. 

Fumigation  of  seed-bed  plants  with  tobacco  papwr. —  Perhaps  a 
simpler  method  of  treating  these  young  plants  would  be  to  fumigate 
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them  in  the  seed-bed  with  a  tobacco  paper,  known  as  "  Nico-fur 
sheets.  This  paper  is  put  up  in  cans  containing  24  sheets  at  75  a 
a  can.  It  is  for  sale  by  most  seedsmen.  Unfortunately,  we  Iiave  i 
opportunity  to  try  this  paper  for  fumigating  seed-bed  plants  only 
a  limited  way.  In  our  experiments,  we  fumigated  infested  plants  vini 
a  skeleton  frame  2  feet  wide,  3  feet  long,  and  i  foot  high.  This  « 
covered  with  a  good  grade  of  muslin  that  had  been  soaked  in  linse 
oil  and  then  gently  squeezed  until  most  of  the  superfluous  oil  had  be< 
gotten  rid  of.  With  this  treatment,  the  muslin  formed  a  smoke-prcK 
covering.  The  piece  of  cloth  was  large  enough  to  cover  the  top  of  tl: 
frame,  ends,  and  sides,  and  to  reach  the  ground  all  around.  We  use 
the  "  nico-fume  "  sheets  at  the  rate  of  a  sheet  to  about  25  square  feet  o 
surface.  That  is  to  say,  we  used  a  quarter  of  a  sheet  for  the  6  sqiian 
feet  on  the  top  of  the  frame.  The  plants  were  fumigated  for  3c 
minutes  with  the  result  that  all  the  aphides  were  killed  and  the  plants 
were  not  injured. 

In  fumigating  plants  on  a  larger  scale,  it  would  probably  be  feasible 
to  surround  the  beds  with    12-inch  boards  placed  on  edge   and    held 
upright  with  stakes  driven  in  the  ground.     The  earth  should  be  drawn 
around  the  edges  of  the  boards  so  as  to  make  it  as  tight  as  possible. 
For  covering  the  beds,  a  fair  grade  of  muslin  costing  8  or  10  cents  a 
yard  may  be  used.    The  muslin  should  be  made  as  air-tight  as  possible 
by  soaking  it  in  linseed  oil  and  then  gently  squeezing  out  the  surplus  oil 
after  which  it  may  be  dried  a  little  and  then  stretched  over  the  top  of 
the  bed.    The  pores  of  the  muslin  may  be  filled  with  a  coat  of  white 
paint  if  preferred.    The  edges  of  the  muslin  should  either  be  fastened 
to  the  edges  of  the  boards  or  there  should  be  a  surplus  of  muslin  so 
that  the  edges  would  fall  over  the  boards  and  reach  the  ground,  where 
a  little  earth  might  be  heaped  on  the  cloth.    This  would  make  a  very 
fair  air-tight  covering.    Then  to  every  25  or  30  square  feet  of  surface  use 
a  sheet  of  the  ** nico-fume"  paper  and  after  lighting  it  leave  the  bed  closed 
for  30  to  45  minutes.     It  would  probably  be  best  to  divide  the  sheet 
of  paper  into  two  or  three  pieces  and  after  lighting  each  piece  put  it 
in  an  old  tomato  can  which  has  had  holes  punched  in  it  with  a  nail 
near  the  bottom  to  furnish  air.     Place  the  cans  about  so  as  to  divide 
the  space  into  about  equal  areas. 

If  one  fumigates  or  dips  seed  plants  to  free  them  from  the  aphis, 
particular  attention  should  be  given  to  the  plants  in  the  field  afterward, 
else  they  will  be  reinfestcd  from  neighboring  fields  and  eventually  be 
overrun  in  spite  of  the  early  care.  Unless  it  is  intended  to  follow  up 
the  dipping  with  spraying  in  the  field  it  may  prove  useless  to  spend 
time  in  freeing  the  seed  plants  from  the  aphides. 
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Spraying  cabbages  in  the  Held  for  the  aphis. —  Whether  cabbages  can 
be  successfully  and  economically  sprayed  in  the  field  to  control  the 
aphis  is  a  question  that  will  probably  have  to  be  settled  by  each  grower 
himself,  after  figuring  carefully  on  the  expense  of  spraying  and  the 
outlook  for  fall  prices  for  his  crop.  In  our  worst  years  it  will  take  at 
least  two  sprayings  if  not  more  to  control  the  aphis,  and  for  materials 
and  labor  each  application  will  probably  cost  75  cents  to  $1.50  an  acre, 
depending  upon  the  method  of  application. 

Fortunately,   it   isn't  necessary  usually  to  kill   every  aphis  on   the 

plants  to  hold  them  in  check.    If  the  majority  of  the  pests  can  be  killed 

it  will  often  prove  enough  of  a  check  to  allow  the  parasites  and  other 

enemies  of  the  aphides  to  increase  sufficiently  to  finally  control  the  lice. 

In  most  seasons,  the  cabbage  aphis  is  held  thoroughly  in  check  by  its 

many  parasites  and  enemies.    It  is  only  when  conditions  are  so  favorable 

that  the  aphides  increase  enormously  and  get  ahead  of  their  enemies 

that  they  do  great  damage.     If  at  these  times,  one  or  two  thorough 

sprayings  can  be  given  to  check  the  increase  of  the  aphides  for  a  time 

until  their  enemies  get  a  start,  it  will  often  prove  to  be  all  that  is  needed. 

We  sprayed  two  acres  of  very  badly  infested  cabbages  during  the 

past  season,   in  order  to  determine   something  regarding  the   cost  of 

spraying,  whether  it  could  be  done  effectively  or  not,  and  what  material 

would  give  the  best  results.    We  used  "  Black-leaf  "  extract  at  the  rate  of 

I  gall,  to  65  gallons  of  water  and  home-made  fish-oil  soap  at  the  rate 

of    I    lb.    to   6   gallons    of    water.      We    applied    the    material    with 

a    knapsack    sprayer,    because    no    other    outfit    was    available,    and 

found  that  an  acre  of  cabbages  could  be  sprayed  in  this  manner  at  a 

cost  of  a  fraction  over  $2.15  per  acre,  counting  labor  and  material  when 

the  fishK)il  soap  was  used.     This  was  figuring  the  soap  at  3>^   cents 

a  pound.    The  soap  would  cost  now  between  5  and  6  cents  a  pound  owing 

to  the  rise  in  the  price  of  oil.    The  cost  of  materials,  alone,  to  spray 

an  acre  of  cabbages  would  be  about  75  cents,  whether  one  used  the  soap 

or  the  "  Black-leaf  "  extract,  and  it  might  cost  less.     It  would  depend 

upon  the  amount  and  seriousness  of  the  infestation  and  upon  the  care 

and  thoroughness  with  which  the  spraying  was  done.     In  our  work  on 

this  two  acres  the  results  were  very  gratifying,  for  the  aphides  were 

successfully  checked.    Perhaps  in  a  worse  year  we  would  not  have  been 

so  successful. 

An  acre  or  possibly  two  acres  can  be  sprayed  with  a  knapsack  sprayer 
effectively  if  no  other  outfit  is  available.  When  one  grows  more  cab- 
bages than  that  then  some  other  way  must  be  found  to  spray  them. 
It  costs  more  proportionately  to  spray  with  a  knapsack  because  relatively 
more  time  and  material  are  consumed  in  getting  over  a  certain  ar^a.  We 
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used  about  90  gallons  of  material  to  the  acre  whereas  a  power  sprayer 
would  probably  use  not  over  50  gallons.  Probably  an  acre  of  cabbages  can 
be  sprayer  at  a  cost  not  to  exceed  75  cents  an  acre  with  a  power  sprayer. 

Unfortunately  we  have  had  no  opportunity  to  make  a  trial  of  power 
sprayers.  The  United  States  Bureau  of  Entomology  has  done  some 
apparently  successful  spraying  of  cabbages  with  a  power  sprayer  in 
Virginia.  Their  experiments  5  and  6  were  most  successful.  In  No.  5. 
forty  rows  of  cabbages  were  sprayed  with  "  whale-oil  soap,  8  pounds 
to  50  gallons  of  water,  applied  with  Peppier  six  row  sprayer.  The 
sprayer  was  allowed  to  lap  over  three  rows  so  that  the  application  was 
much  more  effective  than  in  experiment  No.  4  and,  as  the  plants  on  this 
plot  were  smaller  and  the  weather  more  suitable  for  spraying,  the 
aphides  were  thoroughly  destroyed.  As  they  did  not  afterward  become 
troublesome  no  further  application  was  necessary."  In  Experiment 
No.  6,  thirty  rows  were  sprayed  with  kerosene  emulsion,  i  gallon  to  15 
gallons  of  water.  "  The  effect  on  the  insects  was  such  that  no  further 
treatment  was  considered  necessary." 

A  young  man  at  Williamson,  N.  Y..  sprayed  his  cabbages  three  times 
last  season  for  the  aphis  with  a  potato  sprayer  and  claims  to  have  held  the 
pest  in  check. 

In  using  a  power  sprayer  we  would  advise  an  outfit  in  which  at  least 
two  nozzles  are  directed  on  each  row.  The  nozzles  should  be  set  at  an 
angle  so  that  the  streams  would  converge  and  strike  the  plants  on  the 
sides  as  much  as  possible.  Better  results  would  probably  be  obtained 
if  a  third  nozzle,  set  to  throw  a  stream  directly  downward,  could  be 
arranged  between  the  other  two  so  that  it  would  pass  directly  over  the 
row  of  cabbages. 

It  seems  to  us  that  a  more  effective  method  of  spraying  cabbages 
would  be  to  place  a  barrel  pump  with  two  leads  of  hose  in  a  one-horse 
wagon  with  a  man  on  the  ground  handling  each  hose.  There  can 
hardly  be  a  question  but  that  hand-spraying  of  cabbages  is  much  more 
effective  than  sprayings  with  mechanical  outfits.  Of  course,  it  will  cost 
a  little  more  to  spray  them  in  this  way,  but  the  effectiveness  of  the 
application  will  usually  more  than  make  up  for  the  additional  cost. 

The  advantage  of  continuous  work, —  We  have  seen  that  the  aphis 
usually  appears  first  in  restricted  areas  in  cabbage  fields  and  gradually 
spreads  over  the  whole  area.  It  will  often  prove  of  very  great  advan- 
tage to  watch  the  field  carefully,  and  when  the  aphides  appear  on  a  few 
plants  in  a  small  area  to  exterminate  them  then  and  there  by  a  thorough 
spraying.  This  can  probably  be  done  best  and  most  economically  with  a 
knapsack  sprayer.  A  few  hours  each  week  spent  in  a  field  of  cabbages 
with  a  knapsack  sprayer  and  a  solution  of  soap  or  "  Black-leaf  "  extract 
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wrill  often  result  in  the  production  of  a  paying  crop  of  cabbages,  whereas, 

if   they  are  neglected  until  thoroughly  infested,  the  whole  crop  may  be 

lost. 

Materials  to  use. —  The  home-made  fish-oil  soap  cannot  be  made  for 

much  less  than  5  cents  per  pound  for  fish-oil  has  almost  doubled  in  price. 

It  will  not  injure  the  leaves  and  is  effective  at  strengths  of  i  pound  to 

6  oT  7  gallons  of  water. 

Whale-oil  soap  will  give,  probably,  as  good  results  at  strengths  of 

I  pound  to  5  or  6  gallons  of  water.    It  will  probably  cost  7  to  8  cents  per 

pound  in  less  than  100  pound  lots. 

"  Black-leaf  '*  extract  containing  2  7/10  per  cent  of  nicotine  is  just 

as  effective  in  killing  the  aphides  as  the  soaps  when  applied  at  a  strength 

of  I  gallon  to  65  or  70  gallons  of  water.    The  addition  of  2  pounds  of 

of  soap  to  50  gallons  of  the  mixture  will  aid  it  in  spreading  and  add  to 
its  value.  "  Black-leaf  "  has  the  added  advantage  of  mixing  readily  with 
water  without  waiting  for  anything  to  dissolve  as  one  does  with  the  soaps. 
Kerosene  emulsion  made  after  the  regular  formula,  1/2  pound  soap, 
I  gallon  soft  water,  and  2  gallons  of  kerosene,  is  said  to  be  effective  when 
used  at  the  rate  of  i  gallon  to  15  gallons  of  water. 

Effect  of  the  soaps  on  the  parasites. —  In  order  to  determine  what 
effect  the  soap  solutions  had  on  the  immature  stages  of  the  parasites 
within  the  bodies  of  the  aphides,  seven  leaves  bearing  a  great  number  of 
parasitized  bodies  of  aphides  were  dipped  directly  into  the  home-made 
soap  solution.  These  leaves  were  carried  to  the  Insectary  and  placed  in 
boxes  to  await  developments.  The  next  morning  a  few  parasites  had 
issued.  During  the  next  few  days  scores  of  parasites  issued  from  the 
bodies  of  the  aphides  on  the  leaves,  showing  that  this  soap  solution  does 
not  kill  the  immature  stages  of  the  parasites,  when  protected  by  the  dried 
skins  of  the  dead  aphides.  Mr.  Popenoe,  in  his  experiments  in  Virginia, 
found  that  whale-oil  soap  and  kerosene  emulsion  in  strengths  sufficient  to 
kill  the  aphides  did  not  kill  the  parasites  in  the  bodies  of  the  aphides. 
On  the  other  hand,  be  found  that  these  insecticides  did  kill  the  larvae  of 
the  lady-birds  and  syrphus  flies.* 

REFERENCES  TO  LITERATURE 

The  literature  on  the  cabbage  aphis  consists  very  largely  of  notes  or 
brief  records  which  usually  bear  the  simple  title  of  "Aphis  brassicae  "  or 
*'  The  cabbage  aphis." 

*  The  authors  wish  to  thank  Mr.  Frank  Sovocool  of  Groton,  N.  Y.,  for  his  hearty 
co-operation  in  spraying  one  of  his  fields  of  cabbage. 
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SWEET  PEA  STUDIES 

Part  I 

INTRODUCTORY 
John  Craig 

The  National  Sweet  Pea  Society  of  America  was  organized  in  New 
York  City  in  July,  1909.  Its  purpose,  as  set  forth  in  the  constitution,  is 
"  to  encourage  the  cultivation  and  improvement  of  the  sweet  pea  by 
exhibitions,  field  tests,  conferences,  and  publications,  or  in  any  other 
way  the  society  shall  determine."  The  President  of  the  Society  is  Mr. 
W.  Atlee  Burpee  of  Philadelphia,  and  the  Secretary-Treasurer  Mr.  Harry 
A.  Bunyard,  342  W.  14th  St.,  New  York  City. 

To  further  the  purposes  of  the  Society,  a  co-operative  arrangement 
was  made  with  the  Department  of  Horticulture  of  the  New  York  State 
College  of  Agriculture  at  Cornell  University,  whereby  the  Society  should 
provide  the  seed  and  the  Department  of  Horticulture  should  conduct  the 
field-plot  and  forcing-house  tests  at  Ithaca  in  conjunction  with  a  com- 
mittee on  nomenclature  appointed  by  the  Society.  This  committee  was 
composed  of  John  Craig,  Ithaca,  N.  Y. ;  Maurice  Fuld,  then  of  Arlington, 
Mass.,  now  of  Philadelphia,  Pa. ;  A.  T.  Boddington,  New  York  City ;  and 
William  Sims,  Qiftondale,  Mass.  The  committee  was  especially  en- 
joined by  the  Society  to  consider  the  practical  aspects  of  the  question. 
These  aspects  may  be  included  essentially  in  the  elimination  of  synonyms 
and  the  testing  of  new  aspirants  for  public  favor.  In  addition  to  these 
features,  it  was  thought  advisable  to  give  some  attention  to  cultural 
studies,  with  special  reference  to  adaptations  of  varieties  to  fall  and 
spring  seeding  and  the  influence  of  the  time  of  seeding  on  the  resultant 
crop. 

The  immediate  responsibility  and  care  of  the  test  grounds  was  placed 
in  the  hands  of  Mr.  A.  C.  Beal,  a  Cornell  graduate,  who  has  been  florist  to 
the  University  of  Illinois  for  several  years  and  who  now  returns  to 
Cornell  for  post-graduate  study. 

The  publishe.I  appeal  of  the  Society  elicited  prompt  and  generous  re- 
sponse from  many  of  the  sweet  pea  growers  of  the  country.  In  order 
to  enlist  the  interests  of  the  largest  number  possible,  a  circular  letter 
was  sent  by  the  committee  on  nomenclature  under  date  of  December  29, 
1909,  to  all  persons  known  to  be  interested  in  sweet  pea  culture.  This 
circular  read  as  follows: 
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Dear  Sirs. —  The  Nomenclature  Cammittee  of  the  National  Sweet  Pea 
Society  of  America  proposes  to  conduct  trials  of  sweet  peas  on  the  grounds 
of  and  in  co-operation  with  the  Horticultural  Department  of  the  New 
York  State  College  of  Agriculture  at  Cornell  University,  Ithaca,  N.  Y. 
We  shall  be  pleased  if  you  will  assist  us  in  making  these  trials  complete 
by  sending  in  all  varieties  you  are  offering  this  season  which  have  been 
introduced  since  1^04,  and  especially  such  varieties  as  you  have  sent  out, 
or  expect  soon  to  introduce. 

Please  state  the  color  of  the  flower,  and  whether  waved  or  plain. 
As  far  as  possible,  a  row  of  twenty  feet  of  each  variety  will  be  grown  ; 
and  of  the  novelties  not  less  than  twenty-five  seeds  should  be  sent.    Ad- 
dress all  communications  and  samples  to  the  Department  of  Horticulture, 
Cornell  University,  Ithaca,  N.  Y. 

These  trials  have  such  interest  and  value  to  the  raisers  and  growers  of 
sweet  peas  that  the  Committee  trusts  that  you  will  kindly  render  whatever 
assistance  you  can. 

JOHN  CRAIG, 
A.  T.  BODDINGTON, 
MAURICE  FULD, 
WILLIAM  SIMS. 
Special  investigator  in  charge  —  A.  C.  BEAL. 

THE  TRIAL  GROUNDS 

Scope  of  the  work. — ^An  area  comprising  about  two  acres  half  a 
mile  east  of  the  main  college  building,  moderately  elevated  and 
sheltered  on  the  east  and  south  by  groves  of  trees,  was  chosen.  The 
soil  was  a  well-drained  clay  loam,  somewhat  rolling  as  to  surface  but 
fairly  uniform  in  its  physical  condition. 

As  a  result  of  the  circular  letter  and  the  kind  co-operation  of  sweet  pea 
dealers  and  growers,  469  stocks  (individual  varieties)  were  grown. 
Twenty  feet  of  each  variety  was  planted.  There  was  a  total  length 
of  row  of  8,100  feet,  or  something  over  one  and  one  half  miles  of  sweet 
pea  rows.  In  addition  to  the  varieties  of  sweet  peas,  an  attempt  was 
made  to  secure  as  many  types  as  possible  of  the  genus  Lathyrus  Orobus, 
and  the  closely  allied  form,  Vicia.  Forty-six  types  of  this  latter  were 
secured  from  five  dealers,  in  addition  to  the  United  States  Department  of 
Agriculture.  The  government  collection  comprised  all  the  trade  species 
and  varieties  of  the  perennial  pea,  and  other  genera  and  species  related 
to  the  sweet  pea.  The  stock  now  on  hand  at  the  University  will  furnish 
material  for  attempting  hybrids  between  the  various  forms. 

Trellising, —  The  question  of  a  suitable  trellis  was  given  consideraWe 
thought.  The  simple  method  of  staking  at  the  ends  of  the  rows  with 
stout  eight-foot  stakes  and  using  wool  twine  to  connect  these  stakes  and 
support  the  peas  was  tried.  While  the  method  has  some  advantages, 
it  also  has  marked  disadvantages.  It  is  reasonably  economical,  but 
owing  to  the  contraction  and  expansion  of  the  string,  due  to  moisture  or 
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dryness,  it  was  difficult  to  secure  anything  like  a  satisfactory  and  uniform 
degree  of  tension.  It  is  probable  that  nothing  will  quite  equal  the  old- 
fashioned  method  of  brushing.  Wire  trellises  were  not  considered,  owing 
to  the  expense. 

The  season. —  The  season  of  1910  as  a  whole  was  very  unfavorable 
for  field  culture  of  the  sweet  pea.  The  heat  of  the  latter  part  of  June 
and  throughout  most  of  July  was  excessive.  The  rainfall  during  the 
period  was  much  below  normal.  This  naturally  had  the  effect  of  concen- 
trating and  shortening  the  blooming  period.  Its  effect  on  the  length  of 
stem,  of  course,  was  also  very  marked.  No  facilities  for  irrigation  were 
available. 

Methods  of  study, —  The  work  was  undertaken  with  vigor,  enthusiasm, 
and  discretion  by  Mr.  Beal.  During  the  flowering  period,  it  was  neces- 
sary for  him  to  spend  practically  all  of  his  time  in  the  field  during  the  day. 
Temporary  arrangements  were  made  for  continuous  study  of  the  faotors 
to  be  considered  in  connection  with  the  qualities  of  each  variety.  It  was 
hoped  that  we  would  secure  data  not  only  on  the  blooming  period  and 
the  intrinsic  qualities  of  the  bloom,  but  also  on  the  quantity  of  bloom 
produced  by  each  variety.  It  was  found  to  be  impossible  to  cover  this 
last  feature.  Notwithstanding  efforts  to  secure  pickers,  the  amount  of 
bloom  appearing  under  the  stimulating  influence  of  the  hot  weather  was 
so  great  that  it  could  not  be  picked  with  sufficient  promptness  to  give 
best  results.  Again,  there  was  no  market  for  the  blossoms,  and  the 
cost  of  picking  greatly  exceeded  our  financial  resources. 

The  work  was  therefore  concentrated  to  a  considerable  extent  on 
studies  of  type.  Data  covering  the  percentage  germination  of  each 
variety  were  also  secured. 

The  results  to  date,  which  the  writers  are  able  to  report,  are  as  follows : 

SOME  RESULTS  OF  FIELD  STUDIES 

Advanced  trials. —  There  were  sixteen  varieties  received  for  advanced 
trial,  from  the  following  introducers : 

Mrs.  H.  D.  Tigwell,  Mrs.  W.  J.  Unwin,  and  Nettie  Jenkins,  con- 
tributed by  Mr.  W.  J.  Unwin. 

Lord  Althorp,  by  Silas  Cole. 

Mrs.  Ryle,  by  S.  Bide  &  Son. 

Dainty  Spencer,  Emily  Eckford  Spencer,  Lottie  Hutchins  Spencer, 
and  Uncle  Sam,  by  W.  Atlee  Burpee  &  Co. 

Lavender  Spencer,  by  G.  Stark  &  Son. 

Of  the  remaining  varieties.  Mauve  Spencer  contained  one  plant  of 
Mrs.  Routzahn  Spencer.  Eric  Harvey,  Maud  Adams,  Triumph  Spencer. 
Mrs.  Taft,  and  Venus  Spencer  were  badly  mixed.    Eric  ^^^W^-K^frffl^ 
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third  John  In^^am.  Venus  Spencer  was  one  half  Marie  Corelli.  Maud 
Adams,  Triumph  Spencer  and  Mrs.  Taft  were  true  to  name.  One 
variety  failed  to  germinate. 

It  is  understood  that  Mrs.  Tigwell,  Mrs.  W.  J.  Unwin,  Nettie  Jenkins, 
Lord  Akhorp,  Dainty  Spencer,  and  Emily  Eckford  Spencer  are  being 
introduced  this  season. 

Varieties  introduced  in  1910, —  The  trials  included  fifty-five  of  the 
new  varieties  of  1910.  The  following  proved  to  be  true  or  fixed,  or 
well  selected  stocks:  Arthur  Unwin,  Bronze  Paradise,  Blue  Flake. 
Charles  Hemus,  Doris  Burt,  Florence  Wright,  Frank  Unwin,  Elaine,  Edna 
Unwin  Improved,  Gladys  Burt,  George  Stark,  George  Stark  Improved, 
Helio  Paradise,  King  Edward  Improved,  Lilac  Queen,  Lady  Sarah  Spencer, 
Magnificent,  Masterpiece,  Mrs.  Hugh  Dickson,  Marie  Corelli,  Mrs.  Dun- 
can, Paradise  Blue  Flake,  Paradise  Beauty,  Paradise  Sunrise,  Seafoam, 
Sunproof  King,  Winifred  Deal,  Zebra,  Althorp  White,  Azure  Fairy. 
Total,  thirty  varieties. 

The  following  were  unfixed  stocks:  Althorp  Cream,  Blanche  Ferry 
Spencer,  Coccinea  Paradise,  Colleen,  Douglas  Unwin,  Eileen,  Distinction, 
G.  C  Waud,  George  Washington,  Gaiety  Spencer,  Mauve  Paradise, 
Martha  Washington,  Miss  Wilmott  Improved,  Queenie,  Silas  'Cole,  Red 
Paradise,  Shawondasee,  Winsome.    Total,  eighteen  varieties. 

All  of  the  above  varieties,  with  the  possible  exception  of  two,  were 
received  direct  from  the  introducers.  The  remaining  seven  varieties  are 
being  tested  further. 

Varieties  introduced  in  iQop. —  Twenty-five  of  the  introductions  of 
1909  were  received  from  those  who  introduced  them.  We  are  able  to 
speak  definitely  in  regard  to  the  following:  Jack  Unwin,  Rosabelle 
Hoare,  Gladys  French,  Holdfast  Belle,  Crimson  Paradise,  Maroon  Para- 
dise, Zarina,  Enid,  Mrs.  A.  Ireland,  Mid-Blue,  and  the  King,  were  true; 
also  the  Americans,  Mrs.  Routzahn  Spencer,  4  lots ;  King  Edward  Spen- 
cer, 4  lots ;  Lovely  Spencer,  i  lot ;  Flora  Norton  Spencer,  i  lot ;  Othello 
Spencer,  2  lots.    These  were  true  to  type. 

The  following  were  not  true :  Improved  Lucy  Hemus,  and  Zena,  The 
Americans  Queep  Victoria  Spencer,  i  lot ;  Captain  of  the  Blues  Spencer, 
I  lot;  Mrs.  Sankey  Spencer,  2  lots,  one  mixed  and  one  not;  Ramona 
Spencer,  2  lots,  one  mixed  and  one  not ;  Aurora  Spencer,  2  lots,  both 
mixed;  Beatrice  Spencer,  2  lots,  but  no  plants  of  Beatrice  appeared. 

PROMISING  VARIETIES 

Highly  commended 
Senator  Spencer  —  Burpee,    1910.     Flowers  v<ery  large  and  waved. 
Color  light  heliotrope  striped  with  chocolate.    Quite  distinirt.        , 
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Mrs.    W.  J.   Unwin  —  W.  J.   Unwin,   1910.     Large,   waved  variety. 
Orange  scarlet  stripes  on  white  ground: 

Masterpiece  —  Dobbie,  1910.    Very  large,  waved  variety.    Lavender. 
Mrs.  Hugh  Dickson  —  Dobbie,   1910.     Large,  waved  variety.     Pale 
salmon  pink  on  creamy  ground. 

Marie  Corclli  —  Burpee,  1910;  Morse,  1910.    Waved.    Rose  carmine. 
Lottie  Hutchins  Spencer  —  Burpee    (not  yet  introduced).     Waved. 
Pale  rose  stripe  on  buff  ground. 

Varieties  commended 

Rosabelle  Hoare  —  Unwin,  1909.  Florence  Wright  —  Stark,  1910. 

Jack  Unzvin  —  Unwin,  1909.  Othello  Spencer — Burpee,  1909. 

Zebra  —  Hemus,  1910.  Edna  Unwin  Improved  —  Unwin, 
Uncle  Sam  —  Burpee.  1910. 

Tennant  Spencer  —  Morse,  1909.  Sunproof  King  —  Bide,  1910. 
Lovely  Spencer  —  Morse,  1909. 

culture;  fall  and  spring  plantings 
The  first  fall  planting  was  made  October  20,  1909.    The  autumn  was 
open,  and  successive  plantings  ten  days  apart  were  continued  until  five 
had  been  made,  closing  with  November  30.    The  purpose  of  these  autumn 
plantings  was  to  compare  the  results  with  plantings  of  the  same  variety 
in  the  spring.    The  Mont  Blanc,  King  Edward  VII,  and  Countess  Spen- 
cer were  the  varieties  tested.  The  sowings  of  October  20  and  30  germi- 
nated and  appeared  above  ground  before  permanent  winter  weather  ar- 
rived.   No  leaves  were  unfolded,  however.    No  other  plantings  appeared 
above  the  surface,  although  the  seeds  of  those  planted  on  November  10 
sprouted.    The  fourth  and  fifth  plantings  appeared  April  4th  and  15th,  re- 
spectively, the  interval  between  corresponding  to  the  length  of  time  be- 
tween plantings.  The  same  number  of  seeds  were  sown  of  each  variety  at 
each  sowing,  and  the  number  that  survived  the  winter  was  recorded. 
These  fall  plantings  were  all  mulched  during  the  winter,  and  this  mulch 
removed  in  the  spring  when  fine  weather  arrived.     The  fall  plantings 
were  covered  with  snow  from  the  early  part  of  December  until  almost  the 
end  of  March. 

Results  of  successive  fall  plantings. —  It  appears  that  four  to  forty- 
eight  per  cent  of  Mont  Blanc  came  through  the  winter;  King  Edward 
produced  five  to  eighty-two  per  cent  (a  wide  range),  and  Countess 
Spencer  twenty  to  eighty-one  per  cent.  Mont  Blanc  and  King  Edward 
gave  the  best  results  from  the  planting  of  November  10.  Countess 
Spencer  gave  the  best  results  from  the  earlier  plantings.  The  last  two 
plantings,  when  the  surface  of  the  ground  was  frozen,  gave  a  very  small  ^ 
percentage  of  germination.    It  is  improbable  that  any  considerable  pro- 
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portion  of  the  seeds  sown  at  this  time  rooted ;  and  what  is  true  of  th< 
last  sowing  with  Countess  Spencer  in  the  fall  is  true  of  the  first  |>lantin| 
of  March  12th  in  the  spring. 

The  first  three  plantings  of  Mont  Blanc  came  into  bloc«n  June  6th, 
.  the  fourth  on  June  14th,  and  the  last  on  June  20th.  The  fall  plantings 
bloomed  two  weeks  before  the  regular  spring  plantings  of  the  same 
variety.  This  brought  the*  former  into  full  bloom  as  the  spring  plant- 
ings began  to  produce  blossoms.  The  quality  of  the  flowers  of  the  fall 
plantings  was  superior  to  that  of  the  spring-sown  seed.  This  comparison 
of  the  advantages  of  fall  and  spring  planting  is  being  repeated  the  present 
season  (1911).  The  results  will  undoubtedly  be  greatly  influenced  by  the 
character  of  the  autumn  and  the  spring,  and  it  is  quite  probable  that  the 
results  of  one  year  might  be  changed  very  considerably  by  the  character 
of  the  season  another  year. 

Successive  spring  plantings. —  The  three  varieties  mentioned  were  sown 
in  spring  successively  from  March  12th  to  the  end  of  May.    The  spring 
plantings  were  not  made  at  ideally  regular  intervals  because  of  the  cold, 
wet  weather  of  April  and  the  heavy  rains  of  May,  1910.    The  most  sig- 
nificant fact  in  connection  with  these  trials  was  that  the  dry,  hot  weather 
hurried   forward  the  different  plantings  made  in   April   so  that   they 
bloomed  together.     The  height  of  the  plants,  however,  varied  directly 
with  the  time  of  planting,  the  first  planted  being  the  taller.    The  amount 
of  bloom  on  all  but  the  first  three  spring  plantings  was  much  reduced,  and 
also  the  length  of  the  stems,  by  the  hot  weather.    Nevertheless,  the  April 
and  early  May  plantings  made  a  good  show  and  with  more  rain  and 
heavier  fertilizing  doubtless  would  have  given  some  fair  blooms.    The 
results  indicate  that  planting  of  the  garden  varieties  after  May  loth  is 
hardly  worth  the  trouble.    For  the  same  reason,  the  June  planting  did  not 
flower  until  in  August,  after  a  very  feeble  existence.    When  the  mildew 
appeared,  this  planting  was  quickly  destroyed. 

It  is  apparent  that  white-seeded  sweet  peas  should  not  be  planted 
until  the  ground  is  warm. 


Date 
March  12 
March  22 
April     4  . 
April   16  . 
April   27  . 
May      7  • 
May     18  , 
June      I   . 


Spring  Plantings 

Mont  Blanc 

fo.  seeds 

No.  germi- 

Date 

Pitst 

planted 

nated 

germination 

bloom 

120 

18 

April    IS 

June  iS 

120 

49 

April    18 

June  20 

120 

92 

April   20 

June   21 

120 

90 

April   30 

June   27 

120 

lOI 

May     10 

June   30 

.  150 

141 

May     16 

July     5 

125 

118 

May    30 

July    12 

175 

146 

ntep«H  hJ^OC 

-lal^ug.  18 
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Above:     Countess  Spencer,  sown  March  12th  and  22d,  beginning  to  bloom  June 
27th,     Mount  Blanc  in  distance 

Below:     Countess  Spencer,  sown  November,  igog;  in  full  bloom  June  2/,  igio 
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King  Edward  VII 


Data 
March  12 
March  22 
April     4 . 
April    16  , 
April    27  . 
May       7  . 
May     18  . 
June       I   . 

March  12. 
March  22 
April  4  . 
April  16  , 
April  27  . 
May  7  , 
May  18  . 
June      I  . 


No.  seeds 

No.  germi- 

Data 

Pint 

planted 

nated 

germination 

bloom 

120 

81 

April 

IS 

June    25 

120 

103 

April 

20 

June    27 

120 

104 

April 

27 

July      2 

120 

102 

Aprl 

30 

July       S 

120 

IIO 

May 

10 

July      6 

120 

108 

May 

18 

July     IS 

125 

114 

May 

30 

July     20 

150 

133 

June 

16 

Aug.    26 

Countess  Spencer 

120 

III 

April 

IS 

June    30 

120 

117 

April 

20 

July       I 

120 

IIO 

April 

27 

July      2 

120 

III 

May 

3 

July      4 

120 

IIO 

May 

10 

July      7 

120 

118 

May 

16 

July    IS 

120 

115 

May 

30 

July    20 

ISO 

131 

June 

16 

Aug.    26 

PART  II 

WINTER-FLOWERING  SWEET  PEAS 
A.  C.  Beal 

After  the  waved  section,  the  most  important  type  of  sweet  peas  yet 
developed  from  the  older  garden  form  is  the  winter-flowering,  which  has 
reached  its  greatest  perfection  in  the  United  States. 


DISTINGUISHING   CHARACTERS 

The  winter-flowering  type  is  clearly  distinct  in  its  habit  of  growth  and 
in  its  early  flowering  character.  Unlike  the  garden  type,  which  appar- 
ently stands  still  for  a  time,  when  only  a  few  inches  high,  while  side 
shoots  develop,  the  winter-flowering  peas  grow  rapidly  until  they  attain 
a  height  of  two,  three,  or  even  four  feet,  when  they  begin  to  flower 
freely,  after  which  time  the  side  shoots  develop.  In  our  trials,  the 
varieties  of  the  winter-flowering  type,  planted  September  twenty-fourth, 
came  into  flower  between  Thanksgiving  and  Christmas,  while  some 
varieties  of  the  waved  and  hooded  class  of  the  old  type,  planted  on  the 
same  day,  have  not  yet  (April  10)  produced  a  flower.  Many  varieties 
of  the  former  type  were  flowering  freely  at  the  holidays,  and  the  record 
would  have  been  even  better,  no  doubt,  had  it  not  been  for  the  unusual 
weather  conditions  in  November.    This  month,  in  the  regkwi  Qf> Ithaca- 
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did  not  give  an  entire  day  of  sunshine,  and  all  the  days  were  cloudy 
except  two.    December  was  almost  as  unsatisfactory. 

The  winter-flowering  peas  make  their  greatest  growth  under  glass. 
When  planted  in  the  field,  they  make  a  very  slender  growth  as  com- 
pared with  the  garden  type.  They  flower  very  early  in  the  season  or  when 
only  a  few  inches  high,  but  bloom  profusely  and  continuously. 

The  garden  type  *'  stools  out "  well  when  planted  under  ^lass  but 
requires  the  entire  winter  for  growth  if  planted  in  the  fall.  It  is  said  by  a 
practical  grower  that  seed  planted  in  January  will  flower  as  soon  as 
that  planted  in  August.  The  shoots  or  branches  all  grow  up  at  about 
the  same  rate,  making  a  heavy  growth  of  vine.  This  diflference  in  habit 
of  growth,  manifesting  itself  so  early,  is  of  very  great  value  to  the 
florist  in  enabling  him  to  guard  against  the  disappointment  from  getting 
the  wrong  seed. 

FORCING  SWEET   PEAS 

Florists  have  been  growing  sweet  peas  under  glass  in  a  limited  way  for 
a  number  of  years.  Soon  after  its  introduction  at  least  twenty  years  ago,' 
Blanche  Ferry  was  tried  under  glass,  where  it  proved  to  be  the  most 
successful  variety.  The  earliest  account  of  the  forcing  of  sweet  peas  is 
to  be  found  in  the  American  Florist,  July  26,  1894.  This  is  a  short 
article  by  Mr.  Fritz  Bahr,  of  Ardsley,  N.  Y.,  who  sowed  Blanche  Ferry 
in  pots  early  in  October,  keeping  them  in  a  cold  frame  until  Dec.  10. 
when  they  were  planted  out  in  benches  3"  apart  in  rows  18"  apart  The 
first  flowers  were  cut  April  2. 

Fifteen  years  ago,  sweet  peas  were  usually  plentiful  in  the  markets 
of  the  large  cities  about  the  first  of  April,  although  sometimes  flowers 
were  seen  as  early  as  the  last  week  in  February.  Among  the  varieties 
then  grown  were  Butterfly,  Lottie  Eckford,  Emily  Henderson,  and 
Katherine  Tracy.  The  seeds  were  usually  sown  in  August  or  September 
in  pots  and  benched  after  chrysanthemums,  or  seed  was  planted  in  carna- 
tion benches  and  the  plants  trained  to  the  purlin  supports  of  the  green- 
house. These  methods,  especially  the  latter,  were  recommended  by  Mr. 
William  Scott,  who  asserted  that  the  plants  did  not  make  much  growth 
until  the  bright  spring  days  when  there  was  sufficient  sunshine  for  all. 

The  first  record  of  sweet  peas  being  grown  under  glass  in  any  but  a 
limited  way  is  in  1897,  when  Mr.  Zvolanek  states  that  he  grew  three 
houses  of  them.  He  was  undoubtedly  the  largest  grower  at  that  time. 
In  March  of  that  year,  peas  were  reported  as  very  plentiful  in  the  New 
York  market,  selling  at  first  at  twenty-five  cents  per  bunch  of  twelve 
spnys. 
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In  addition  to  the  varieties  enumerated  above,  Emily  Eckford,  Golden 
Gleam,  and  Countess  of  Radnor  were  grown  in  the  decade  preceding 
the  introduction  of  the  Zvolanek  varieties  about  1906. 

LEADING  TYPES 

There  are  three  groups  of  this  winter-flowering  type  of  sweet  peas: 
winter  or  Christmas  flowering,  Telemly,  and  the  Engelmann  group 
(Lathyrus  odoratus  praecox).  These  have  been  developed  in  widely 
separated  localities. 

Winter  or  Christmas  Flowering  Strains 
The  first  of  these  groups  was  developed  in  the  United  States  by  Mr. 
A.  C.  Zvolanek  of  Bound  Brook,  New  Jersey.  It  appears  to  be  the  result 
of  a  cross  between  an  early  flowering  plant,  found  among  Lottie  Eckford, 
and  Blanche  Ferry.  The  cross  gave  Christmas  Pink,  although  probably 
not  as  we  have  it  to-day,  for  undoubtedly  it  has  been  selected  and  im- 
proved. The  cross  was  made  sometime  previous  to  1895,  for  Mr. 
Zvolanek  says,  that  he  was  able  to  send  the  first  ten  dozen  blooms  to 
market  on  Jan.  i  of  that  year.    The  variety  was  introduced  in  1899. 

The  next  winter-flowering  variety  was  Miss  Florence  E.  Denzer,  a  cross 
between  Christmas  Pink  and  Emily  Henderson.  Since  the  latter  was  a 
white  sport  from  Blanche  Ferry,  it  is  evident  how  closely  this  winter 
type  is  related  to  this  standard  American  variety.  By  1900,  Mr.  Zvolanek 
called  attention  to  the  fact  that  he  had  five  varieties  of  the  winter- 
flowering  class.  These  pioneers  were  used  to  cross  with  the  best  outdoor 
varieties.  The  results  number  over  a  hundred  varieties,  from  which 
thirty  have  been  considered  of  commercial  importance  and  have  been 
introduced. 

It  may  be  well  to  state  that  this  group  not  only  contains  the  largest 
number  of  named  varieties  but  the  largest  number  of  commercially  im- 
portant forcing  varieties  in  the  world.  Mr.  Zvolanek's  work  in  this  direc- 
tion is  sufficient  to  place  him  among  the  foremost  of  sweet  pea 
enthusiasts,  if,  indeed,  he  should  not  be  called  the  Eckford  of  this  type 
of  sweet  peas. 

Telemly  group 

The  Telemly  varieties  of  sweet  peas  have  been  oflfered  in  England  for 
sowing  under  glass.  So  far  as  the  writer  can  learn,  they  have  not  yet 
been  offered  or  grown  by  the  trade  in  this  country. 

This  group  was  originated  by  the  Rev.  Edwyn  Arkwright,  in  his  gar- 
den at  Telemly,  on  the  hill  of  Mustapha  near  the  city  of  Algiers,  in 
Algeria,  Africa*    For  a  number  of  years  the  great  American  variety, 
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Blanche  Ferry,  was  grown.  This  has  always  been  known  as  an  early 
variety,  and  it  flowered  in  the  locality  mentioned  about  the  end  of  March. 

Rev.  Arkwright,  in  an  article  in  the  Sweet  Pea  Annual  for  1907,  says, 
''About  seven  years  ago  a  sport  showed  itself  in  my  garden  as  early  as 
February  and  was  promptly  isolated  from  all  others.  The  next  year  I  had 
some  plants  flowering  in  January,  and  among  them  one  red  one,  a  cross 
apparently  from  Mars,  on*  which  a  blossom  or  two  had  come  out  in  May 
of  the  previous  year.  From  these  parents  I  have  now  ten  or  twelve  of  the 
usual  colors,  ranging  from  white  to  purple,  and  including  duplicates,  or 
shall  I  say  imitations,  of  Hon.  Mrs.  E.  Kenyon,  Jannie  Gordon,  Lady 
Grizel  Hamilton,  Mars,  Black  Knight,  etc.,  which  begin  to  flower  about 
Christmas  time  and  last  two  months. 

"  That  they  form  a  distinct  group  is  evident  from  the  fact  that  Eck- 
ford's  Sweet  Peas,  which  I  sow  at  the  same  time,  t.  e,,  at  the  end  of 
September,  do  not  flower  till  May.  Moreover,  the  leaf  is  considerably 
narrower  than  in  Eckford's  varieties  and  more  pointed,  and  the  stem 
appears  to  have  more  woody  fibre." 

The  Engelmann  group   (Lathyrus  odoratus  praecox) 

Mr.  C  Engelmann,  of  Saffron  Walden,  England,  has  offered  another 
group  of  winter-flowering  sweet  peas.  He  says  in  the  Sweet  Pea  Annual. 
1907,  **  It  is  nearly  four  years  since  some  plants  of  Captain  of  the  Blues 
sported  with  me  and  gave  winter  flowering  varieties  of  quite  distinct 
habit.  Ordinary  stocks  sown  in  autumn  will  not  bloom  under  glass  until 
the  following  April,  but  the  new  comers  commence  to  bloom  from  six  to 
ten  weeks  after  seed  sowing,  and  continue  to  form  branches  and  produce 
flowers  all  through  the  winter. 

"  I  have  now  winter  flowering  representatives  of  such  varieties  as 
Dorothy  Eckford,  Lady  Grizel  Hamilton,  and  Miss  Wilmott,  as  well  a? 
a  number  of  crosses  between  these  and  the  ordinary  type  and  Mont  Blanc. 
so  that  almost  all  Sweet  Pea  colours  are  represented. 

"  In  1906  I  sowed  my  winter  flowering  varieties  at  the  end  of  August 
and  beginning  of  September,  and  the  resulting  plants  commenced  to  flower 
in  October  and  were  splendidly  in  bloom  at  the  end  of  November  and 
early  in  December,  and  they  should  continue  to  flower  until  the  ordinary 
Sweet  Peas  come  into  flower." 

THE  FORCING  TESTS  AT  CORNELL 

All  obtainable  varieties  of  the  winter-flowering  type  have  been  grown 
for  two  seasons  under  glass,  and  also  outdoors  last  summer. 

From  Mr.  Anton  C.  Zvolanek,  Bound  Brook,  N.  J.,  were  received 
"Original  winter-flowering  sweet  pea  seed"  of  the  following  Jtwcnty* 
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seven  varieties:  Blue  Bird,  Christmas  Captain,  Christmas  Pink,  Enchan- 
tress, Florence  Denzer,  Governor  Fort,  Greenbrook,  Jack  Hunter, 
Le  Marquis,  Meteor,  Miss  Helen  M.  Gould,  Miss  Josie  Reilly,  Mrs.  C.  H. 
Totty,  Mrs.  F.  J.  Dolansky,  Mrs.  J.  F.  Hannan,  Mrs.  George  Lewis,  Mrs. 
A.  Wallace,  Mrs.  E.  Wild,  Mrs.  Wm.  Sim,  Mrs.  W.  W.  Smalley,  Niger, 
Pink  Beauty,  Red  Seedling,  Variegated,  Watchung,  Wm.  J.  Stewart,  and 
Wallacea. 

From  Mr.  C.  Engelmann,  Saffron  Walden,  Essex,  England,  came  the 
following  six  varieties  of  '*  Lathy r us  odoratus  praccox:"  White,  Mauve, 
Deep  Mauve,  Carmine,  Blue  and  Maroon. 

There  was  obtained  from  Mr.  F.  Fleetwood  Paul,  Botley  Hants,  Eng- 
land, the  following  four  varieties  of  "  Paul's  Improved  Telemly  Strain  or 
Christmas  Flowering  Sweet  Peas;"  Rose  and  Carmine,  Mauve,  Two 
Shades  Pink,  and  White. 

The  Rev.  E.  Arkwright,  Algiers,  Algeria,  Africa,  sent  the  following 
eighteen  named  varieties  of  Telemly  Sweet  Peas :  Apple  Blossom,  Indigo 
Blue,  Blue  and  Red,  Cerise,  Lavender  and  Pink,  Lavender,  Maroon, 
Mauve,  Pale  Pink,  Pink,  Pale  Primrose,  Purple,  Purple  and  Maroon,  Red 
Bicolor,  Red  Self,  Red  and  White,  Violet  and  White. 

Canary,  Flamingo,  Christmas  White,  Snowbird,  and  Mrs.  A.  C.  Zvo- 
lanek,  also  seeds  of  Mont  Blanc,  Earliest  Sunbeam,  Earliest  White,  Ear- 
liest of  All,  Reselected  Earliest  of  All,  Emily  Henderson,  and  Blanche 
Ferry  were  received  from  Mr.  A.  T.  Boddington,  New  York.  The  same 
firm  forwarded  packets  of  their  stock  of  Florence  Denzer,  Mrs.  W.  W. 
Smalley,  Mrs.  Alexander  Wallace,  Mrs.  Wm.  Sim,  Mrs.  E.  Wild,  Mrs. 
George  Lewis,  Christmas  Pink,  and  Watchung,  which  were  identical  with 
the  varieties  of  the  same  name  in  the  Zvolanek  collection. 

Altogether  we  have  tested  seventy-five  varieties  from  five  sources  in 
America,  Algeria,  and  England,  which  probably  represents  the  largest 
collection  of  the  forcing  type  ever  brought  together. 

In  all  trials  thus  fao  we  have  not  discovered  the  slightest  reason  for 
believing  that  any  variety  was  a  hybrid  between  some  species  of  the  vetch 
and  Lathyrus  odoratus.  This  conclusion  was  reached  after  growing  the 
following  species  of  vetch,  V.  sativa,  V,  villosa,  V.  Gerardii,  and  F.  /«/- 
gens,  side  by  side  with  the  varieties  of  winter-flowering  sweet  peas  and 
studying  them  at  all  stages  of  development. 

The  winter-flowering,  the  Engelmann  group,  and  the  Telemly  strains 
all  have  the  same  habit  of  growth  and  the  early-flowering  propensity,  with 
the  exception  of  Paul's  Telemly  Mauve,  which  is  distinct  from  Ark- 
wright's  Telemly  Mauve,  and  which  belongs  to  the  outdoor  type  since  it 
exhibits  similar  characteristics  of  bushy  growth  and  late  flowering.  This 
variety,  planted  at  the  same  tim&  as  the  other  varieties  from  Mr.  Paul, 
produced  flowers  eight  to  nine  weeks  later.  Digitized  by  GoOqIc 
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early  and  late  flowering  varieties 

As  to  time  of  flowering,  the  winter-flowering  sweet  peas  may  be  divided 
into  two  groups,   the   extra  early   flowering  and   the   winter-flowering 
proper.     The  first  includes  Earliest  of  All,  Reselected  Earliest  of   All, 
Earliest  White,  Snowbird,  Watchung,  and  possibly  Blanche  Ferry.    These 
flower  together  at  least  three  weeks  earlier  than  the  other  group,   but 
except  for  early  blooms  are  not  equal  in  size  of  flower  or  length  of  stem 
to  the  other  kinds.    They  are  all  characterized  by  very  slender  growth, 
with  dark  green,  narrow,  pointed  leaves.    The  flowers  are  of  open  form, 
with  a  notch  in  the  top  of  the  standard.    In  our  trials.  Earliest  of  All 
was  the  best  of  its  color  in  the  above  group,  but  it  is  not  equal  to  Christ- 
mas Pink.    Earliest  White,  Snowbird,  and  Watchung  are  identical.    They 
are  black-seeded  whites,  and,  in  addition  to  being  extra  early  varieties, 
possess  the  advantage  of  giving  a  high  percentage  of  germination  under 
ordinary  conditions. 

The  varieties  of  the  true  winter-flowering  group  are  crosses  between 
some  of  the  extra  early  group  and  the  garden  varieties  of  sweet  peas. 
The  habit  is  the  same  as  the  other  group,  except  that  the  plants  attain  a 
greater  height  and  are  consequently  later  in  beginning  to  flower;  also 
the  side  shoots,  which  are  developed,  resemble  in  strength  and  vigor  the 
growth  of  the  garden  varieties  when  grown  under  glass.  The  result  is 
larger  flowers  and  longer  and  stronger  stems. 

VARIETIES  CLASSIFIED  ACCORDING  TO  COLOR 

IV kite  varieties. —  Of  the  true  winter-flowering  kinds,  Florence  Den- 
zer,  Christmas  White,  Telemly  White  and  Mont  Blanc  are  similar.  Ark- 
wright's  Telemly  White  contains  two  varieties;  one  a  very  large,  open 
white  which,  in  our  tests,  surpassed  in  size  any  other  white  in  the  col- 
lection, and  the  other  a  hooded  white  resembling  Dorothy  Eckford  in 
form.  If  the  latter  can  be  separated  and  fixed  it  will  prove  a  desirable 
variety.  Mrs.  George  Lewis  is  a  refined,  hooded  flower  inclining  toward 
waviness,  is  deliciously  perfumed,  but  seems  to  be  lacking  in  substance, 
and  in  our  opinion  is  rather  an  exhibition  flower  than  a  market  variety. 
This  was  the  most  difficult  variety  to  germinate,  whether  planted  in  soil 
or  sand,  in  the  open  or  in  pots.  This  weakness,  if  common,  will  result 
in  its  elimination  from  the  lists.  Praecox  White  is  a  strong-growing 
hooded  white  producing  threes  rather  regularly.  It  is  a  little  later  than 
Florence  Denzer.    It  is  fixed,  and  is  at  present  the  best  hooded  white. 

Primrose  varieties, —  The  primrose  varieties,  Earliest  Sunbeams  and 
Telemly  Pale  Primrose,  are  identical.  With  us,  Canary  is  distinct  from 
the  foregoing  in  that  it  is  not  quite  so  large,  has  a  perfectly  flat,  erect 
standard  without  any  tendency  to  reflex,  as  in  Sunbeams,  jffld Jj^^deeper 
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primrose  color,  especially  when  opening.  Canary  grew  somewhat  better 
and  was  taller,  producing  flowers  on  longer  stems. 

Pink  varieties. —  The  finest  pink  variety  is  Telemly  Pink,  a  beautiful 
soft  pink  without  a  trace  of  salmon.  Unfortunately  it  has  proved  to  be 
unfixed.  We  did  not  receive  Zvolanek's  Pink  and  so  were  unable  to  com- 
pare these  two  varieties  in  the  trials.  As  shown  at  Boston  they  appear  to 
be  identical.  Mrs.  F.  J.  Dolansky  is  the  best  of  hooded  pinks.  It  is 
silvery  pink,  a  good  grower,  and  productive.  Enchantress  is  practically 
the  same  color,  but  is  inferior  because  it  produces  too  many  flowers  with 
the  old  side  notches.    The  latter  are  not  needed. 

Mrs.  W.  W.  Smalley  is  the  open  form  representative  of  the  salmon 
pinks.    The  color  is  pink  on  salmon  buflf. 

Gov.  Fort  is  slightly  hooded,  is  two  shades  lighter  than  Mrs.  Wm. 
Sim  instead  of  darker,  and  is  of  large  size.  Mrs.  Wm.  Sim  is  an  extreme 
hooded  form,  which  gives  the  appearance  of  a  small  flower.  It  has  long 
stems  with  three  flowers,  in  which  respect  it  surpasses  Gov.  Fort.  The 
latter  is  superior  in  form  and  apparent  size,  and  comes  into  bloom  later. 

Red  varieties. —  Red  Seedling  produces  large,  extremely  hooded  flowers 
on  long  stems.    The  color  is  a  dull,  dark  crimson.    It  is  very  productive. 

Mrs.  Edie  Wild,  with  a  crimson  carmine  standard  and  lighter  wings,  is 
a  good  variety.  Its  most  serious  fault  is  that  the  wings  are  large,  broad, 
and  long,  extending  beyond  the  margin  of  the  standard  when  fully  open. 
This  lack  of  proportion  in  the  parts  of  the  flower  condemns  it.  Other- 
wise it  is  desirable.  In  our  tests  it  was  always  the  latest  of  the  Zvolanek 
varieties,  although  some  others  almost  equaled  it. 

Christmas  Meteor,  the  best  of  the  crimson  reds,  is  medium  in  size  and 
has  short  stems.  Telemly  Red  Self  is  similar,  but  later.  Paul's  Telemly 
Two  Shades  Pink  was  badly  mixed  but  the  majority  of  the  plants  were 
true  to  type. 

Telemly  Rose  and  Carmine  (Paul)  has  a  carmine  lake  standard  and 
rosy  magenta  wings,  and  is  of  a  brighter  color  than  Meteor.  It  is  of 
open  form  but  is  worthless  because  the  upper  flowers  are  decidedly 
smaller  than  the  lower.    Telemly  Red  Bicolor  appears  to  be  the  same. 

Flamingo  is  a  lighter  red  than  Meteor,  very  productive,  having  short 
stems  and  medium  size.  It  is  a  short  grower.  Christmas  Red  is  said  to 
be  the  same. 

There  would  seem  to  be  need  for  a  winter-flowering  King  Edward  VII. 

Of  the  carmine  netted  varieties,  Pink  Beauty  and  Mrs.  J.  F.  Hannan 
are  practically  identical  in  winter.  In  the  spring,  the  former  shows  a 
little  orange  tint  in  the  flowers.  These  two  varieties  are  too  much  alike. 
Praecox  Carmine  is  a  distinct  variety,  being  a  deeper  carmine  of  similar 
form. 
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Red  and  white  varieties. —  The  red  and  white  varieties  are  numerous. 
We  have  already  noted. those  of  the  extra  early  group.  Christmas  Pink 
and  Telemly  Red  and  White  are  practically  identical.  These  two  are 
superior  to  all  others  of  this  color  for  growing  under  glass,  because  they 
produce  blooms  with  three  flowers  on  very  long  stems. 

Telemly  Apple  Blossom  is  of  medium  size,  open  form,  standard  pink 
on  light  primrose  wings.  It  is  only  50^  fixed,  but  the  real  variety  is 
distinct  from  any  in  the  market  and  is  desirable. 

Telemly  Pale  Pink  is  of  medium  size,  open  form,  with  mauve  rose 
standard  and  primrose  wings.  It  is  a  pure  stock,  probably  a  selection 
from  Apple  Blossom.    It  is  distinct  from  other  varieties. 

Lavender  and  mauve  varieties. — Among  the  lavenders,  Praecox  Mauve 
and  Mrs.  C.  H.  Totty  lead.  They  are  distinct,  the  former  being  the 
better.  It  is  larger,  more  distinctly  lavender,  and  a  more  vigorous  grower 
than  Mrs.  Totty.  Mrs.  Totty  shows  more  mauve  in  the  opening  flowers. 
Both  have  long  stems.  Telemly  Lavender  is  the  open  form  of  this  color 
but  is  smaller  than  Mrs.  Totty.  Paul's  Telemly  Mauve  is  Countess  of 
Radnor. 

Praecox  Deep  Mauve  is  the  finest  of  the  mauves,  having  larger  flowers 
on  longer  stems  than  either  Mrs.  A.  Wallace  or  Wallacea.  Of  the  latter 
two,  Wallacea  is  the  finer  strain  and  the  former  should  be  eliminated. 
Arkwright's  Telemly  Mauve  is  the  open  form  of  Wallacea. 

Greenbrook  is  a  fine  variety  of  slightly  hooded  form  and  large  size. 
It  is  almost  white  in  winter  but  is  flushed  with  lavender  in  spring.  It 
is  distinct  and  beautiful. 

Miss  Jqsie  Reilly  is  a  large,  distinct  variety  with  a  lilac  standard 
and  lavender  wings. 

Maroon  varieties, —  There  were  two  varieties  of  maroon  color.  Prae- 
cox Marpon  is  a  fine,  large,  hooded  variety.  Telemly  Maroon  is  a  fine, 
open-form  variety.  The  former  is  a  vigorous  grower,  producing  flowers 
on  long  stems. 

Red  stripes  on  white. —  This  class  includes  Miss  Helen  Gould.  Mrs. 
Zvolanek,  and  Variegated.  The  last  two  are  identical.  Although  ^frs. 
Zvolanek  is  described  as  blue  and  white,  the  sample  received  was  red  and 
white.  Miss  Helen  Gould  is  distinct  in  shade  and  amount  of  striping. 
All  are  of  open  form  and  the  plants  of  low  growth. 

Violet  and  purple  varieties. —  Telemly  Blue  and  Red  with  maroon 
standard  and  blue  wings  is  a  better  variety  than  Christmas  Captain, 
which  it  closely  resembles.  Unlike  the  latter,  it  is  perfectly  true  and 
with  the  standards  more  even  in  color.  Telemly  Purple  and  Maroon 
differs  from  Telemly  Blue  and  Red  only  in  the  color  of  the  wings,  which 
are  dark  blue  instead  of  light. 
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Wm.  J.  Stewart,  Praecox  Blue,  and  Telemly  Violet  are  identical. 
Niger  is  distinct.  It  is  a  rich  pansy  violet  producing  good-sized  flowers 
on  long  stems.    It  produced  too  many  one-flowered  stems  in  our  tests. 

Blue  Bird  is  of  the  same  hooded  form  as  Mrs.  A.  Wallace.  It  opens 
with  considerable  mauve  in  the  wings,  but  changes  to  bright  blue.  It  is  a 
good  variety. 

Le  Marquis  >  and  Telemly  Indigo  Blue  are  similar.  They  are  dark 
blue,  and  may  be  called  Christmas  flowering  Navy  Blue. 

REMARKS  ON   LEADING  TYPES 

The  Praecox  group,  with  one  exception  (Praecox  Blue),  comprises 
varieties  which  are  distinct.  They  are  inclined  to  be  rather  late  as  a 
class  when  compared  with  Christmas  Pink  and  Denzer,  but  are  not  much 
later  than  Mrs.  Sim.  They  produce  large  flowers  on  long,  stout  stems 
They  are  very  vigorous  growers. 

The  Telemly  varieties  are  of  open  form,  showing  readily  their  rela- 
tion to  Blanche  Ferry.  Many  of  them  are  not  fixed,  as  the  varieties 
Apple  Blossom,  Cerise,  Mauve,  Pink,  Purple,  and  White,  which  are  dis- 
tinct. Telemly  Maroon,  Telemly  Lavender,  Purple,  and  Maroon,  and 
Pale  Pink  are  distinct  and  true.  Red  Bicolor,  Pale  Primrose,  Indigo 
Blue,  Blue  and  Red,  Red  and  White,  Violet,  and  Red  Self,  are  counter- 
parts of  existing  varieties  of  the  Telemly  type.  While  there  are  several 
distinct  colors  they  do  not  offer  much  of  value  to  the  commercial  florist 
because  the  colors  of  the  distinct  varieties  are  not  popular. 

SUMMARY  OF  LEADING  VARIETIES  CLASSIFIED  BY  COLOR 

White  —  Watchung  or  Snowbird,  Florence  Denzer,  Praecox  White. 
Primrose  —  Earliest  Sunbeams  and  Canary. 
Pink  —  Mrs.  F.  J.  Dolansky,  Telemly  Pink  or  Zvolanek's  Pink. 
Cream  Pink  —  Mrs.  W.  W.  Smalley,  Mrs.  Wm.  Sim. 
Crimson  —  Meteor,  Red  Seedling. 
Carmine  —  Flamingo,  Pink  Beauty,  Praecox  Carmine. 
Red  Bicolor  —  Christmas  Pink,  Telemly  Pale  Pink. 
Lavender  —  Telemly  Lavender,  Mrs.  C.  H.  Totty,  Praecox  Mauve. 
Mauve  —  Telemly  Mauve,  Wallacea,  Praecox  Deep   Mauve,  Green- 
brook,  Miss  Josie  Reilly. 

Maroon  —  Telemly  Maroon,  Praecox  Maroon. 

Violet  and  Purple  —  Wm.  J.  Stewart,  Telemly  Blue  and  Red. 

Blue  —  Blue  Bird,  Le  Marquis. 

Red  Stripes  —  Miss  Helen  M.  Gould. 
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CONTRIBUTORS  TO  SWEET  PEA  TRIALS 

Arthur  T.  Boddington,New  York,N.  Y.    86  varieties,  old  and  new. . . .  Oct.     5,  1909 

W.  W.  Rawson, Boston,  Mass 21  varieties,  old  and  new. . . .  Oct.   12,  1909 

10  varieties,  new Apr.     5,1910 

R.  H.  Bath,  Limited,  Wisbeck,  Eng 4  varieties,  new Nov.  18,  1909 

W.  J.  Unwin,  Hinton,  Cambs,  Eng 31  varieties,  new Nov.  18,  1909 

Wilfiam  Deal,Kelvedon,  Eng 4  varieties,  new Dec.    8,  1909 

G.  Stark  &  Sons,  Great  Rybuig,  Eng. .     10  varieties,  new Dec.  13,  1909 

W.  Atlee  Burpee,  Philadelphia,  Pa 8  varieties,  advanced Dec.  31,  1909 

38  varieties,  old Mar.  14,  1910 

Watkins  &  Simpson, London,  Eng 10  varieties,  new Jan.    12,  1910 

Miss  H.  Hemus,Upton-on-Sevem,  Eng.     34  varieties,  new Jan.    19,  1910 

Dobbie  &  Co., Edinburgh,  Scotland 26  varieties,  new Jan.   26,  1910 

S.  Bide  &  Son,  Newport,  I.  W.,  Eng. . .       3  varieties,  new Feb.  24,  1910 

S.  Miller,  Pamham,  Eng. i  variety,  new Feb.  28,  1910 

S.  Cole,  Northampton,  Eng 11  varieties,  new Mar.  11,  1910 

Vaughn's  Seed  Store,  Chicago,  111 10  varieties,  new Mar.  10,  1910 

Tames  Vick*s  Sons, Rochester,  N.  Y 5  varieties,  new  and  old Mar.  19,  19 10 

Morse  &  Co.,  San  Prandsco,  Cal 21  varieties,  old  standard Mar.  2 1 ,  1910 

„      „            4.         «                   25  varieties,  new Mar.  31,  1910 

„      „  „         „  72  varieties,   collection  of  old  types.  Special 

request. 

Peter  Henderson  &  Co.,New  York 12  new Mar.  28,  1910 

Zvolanek  collection 27 

469  stocks. 

In  addition  to  the  above  the  following  contributed  seeds  and  plants  of  Lathyrus  and 
other  related  genera: 

United  States  Department  of  Agriculture 17  species. 

Henry  A.  Dreer,  Philadelphia,  Pa 6  species  and  varieties. 

Bobbmk  &  Atkins,  Rutherford,  N.T 5  species  and  varieties. 

Ellwanger  &  Barry.  Rochester.  N.  Y. 2  species. 

J.  M.  Thorbum,  New  York,  N.  Y 11  species. 

A.  T.  Boddington,  New  York,  N.  Y 5  species  and  varieties. 
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NOTES    FROM    THE   AGRICULTURAL    SURVEY    IN 
TOMPKINS    COUNTY 

By  G.  F.  Warren  and  K.  C.  Livermore. 

The  department  of  Farm  Management  in  the  New  York  State  Col- 
lege of  Agriculture  has  recently  issued  Bulletin  295,  entitled  "An  Agri- 
cultural Survey,  Townships  of  Ithaoa,  Dryden,  Danby,  Lansing,  Tomp- 
kins county,  New  York." 

In  1906,  a  general  study  of  all  the  agricultural  conditions  in  a  part 
of  the  county  was  begun  by  P.  J.  White  and  John  B.  Shepard,  under  the 
direction  of  Professor  T.  F.  Hunt 

In  1907,  the  work  was  continued  under  the  direction  of  Professor  G. 
F.  Warren,  but  the  purpose  was  changed  and  limited  primarily  to  a  study 
of  farm  management.  Not  until  1908  were  the  methods  of  work  per- 
fected so  as  to  give  reliable  results.  Bulletin  295  gives  the  results  of  the 
work  of  that  year. 

The  bulletin  is  very  large,  containing  nearly  200  pages.  Because  of 
the  expense  involved  in  its  publication,  the  bulletin  will  not  be  sent  to 
all  the  addresses  on  the  college  mailing  lists,  but  only  to  those  who  spe- 
cially request  it.  It  may  be  obtained  by  writing  to  the  Mailing  Room, 
New  York  State  College  of  Agriculture,  Ithaoa,  New  York. 

Crop  yields  and  farming  conditions  in  Tompkins  county  are  about  like 
the  average  for  New  York  State.  Some  parts  of  the  county  are  better 
than  the  average,  and  other  parts  are  not  so  good.  The  leading  crops 
are  hay,  oats,  potatoes,  corn,  wheat,  buckwheat,  and  apples.  Dairying 
is  the  chief  animal  industry.  Poultry,  sheep,  hogs,  and  colts  also  are 
raised. 

What  the  bulletin  shows. —  The  primary  purpose  of  the  agricultural 
survey  was  to  determine  the  best  types  of  farming  and  the  best  methods 
of  farm  management  for  the  region.  Records  of  the  farm  business  for 
a  year  were  obtained  from  practically  all  the  farmers  in  four  townships. 
From  these  records,  the  profits  were  calculated  for  each  farmer,  and  a 
study  was  made  of  the  factors  and  conditions  affecting  the  profits.  The 
bulletin  shows  why  some  farmers  failed  to  make  wages  and  why  others 
were  very  successful.  In  these  pages,  we  are  giving  very  briefly  some  of 
the  findings  for  the  region  that  was  surveyed. 

Average  profits  made  by  farmers. —  The  farmers  who  operated  their 
own  farms  made  an  average  labor  income  of  $423.  The  tenant  farmers 
made  an  average  labor  income  of  $379.  The  labor  income  is  what  the 
farmer  has  left  after  paying  all  the  farm  expenses  and  taking  out 
5  per  cent,  interest  on  the  money  invested  in  the  businessj^igi^fg^gif^onal  and  [^ 
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household  expenses  are  not  included.  It  is  the  pay  the  farmer  receivi 
for  his  labor  in  addition  to  having  a  house  to  live  in  and  farm  produci 
to  use  in  the  house. 

Some  farmers  failed  to  make  interest  on  their  capital  and  had  nothin 
left  to  pay  for  their  labor.  ^A  few  made  labor  incomes  of  over  $2,ooc 
Comparing  the  labor  incomes  with  hired  men's  wages,  about  one-thin 
of  the  farmers  made  less  than  hired  men  receive,  one-third  made  abou 
the  same  as  hired  men,  and  one-third  made  more  than  hired  men. 

It  is  evident  that  the  farmers  did  not  receive  more  than  their  shan 
of  the  prosperity  of  the  country,  but  the  fact  that  some  are  now  making 
good  profits  is  a  hopeful  sign  for  the  future.  It  is  now  p>ossib]e  tu 
make  a  good  living  on  the  farm. 

Size  of  farm  affects  profits. —  The  average  labor  income  of  farmer? 
who  farmed  less  than  100  acres  was  less  than  hired  men's  wages.  Those 
with  30  acres  or  less  made  an  average  labor  income  of  only  $168.  On 
farms  of  over  200  acres,  the  labor  incomes  averaged  $946. 

Why  the  larger  farms  pay  better. —  Modern  agricultural  machinen* 
has  made  it  necessary  that  farms  be  larger  if  men,  horses,  and  machinerv 
are  to  be  used  effectively.     The  farms  were  laid  out  when  farm  work- 
was    done    with   hand    tools.      Conditions   now    call    for    much    larger 
units.    On  the  large  farms,  $100  worth  of  labor  works  six  times  as  many 
acres  as  on  the  small  farms ;  one  horse  works  more  than  three  times  as 
many  acres  on  the  large  farms  as  on  the  small  farms ;  $100  worth  of 
machinery  on  the  large  farms  does  the  work  on  nearly  twice  as  many 
acres  as  on  the  small  farms.    Farmers  on  small  farms  find  it  diflficuh  to 
make  reasonable  wages. 

By  larger  farms  is  meant,   not  "  bonanza  farms,"  but   farms  large 
enough  to  justify  a  good  set  of  tools  and  to  keep  two  or  three  person> 
profitably   employed.     This   is   the   ideal  American   '*  family-farm "  in 
which  the  father  and  sons  do  most  of  the  work.     In  general  farinn^ 
this  means  farms  of  150  to  300  acres. 

Crop  yields  and  size  of  farm. —  Contrary  to  the  popular  belief,  the 
small  farms  are  not  producing  more  crops  per  acre.  With  the  excep^ 
tion  of  a  slight  difference  in  hay,  the  crop  yields  are  as  good  or  better  on 
the  large  farms  as  on  the  small  farms. 

Capital. —  The  average  total  capital  on  769  farms  was  $5,721.  This 
included  all  capital  invested  in  the  farm  business  —  land,  buildings,  ma- 
chinery, stock,  feed,  etc.  The  capital  varied  from  less  than  $2,000  to 
over  $20,000. 

Necessity  of  capital  in  successful  f arnumg. —  Capital,  like  area,  is  3 
measure  of  the  size  of  business  and  bears  a  striking  relationship « ^ 
profits.  Of  the  farmers  operating  their  own  farms,  those  who  had  $2,0^'^ 
capital  or  less  made  average  labor  incomes  of  $192;  ^^f^^^tjl^$6.ooo 
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to  $8,000  capital  made  $530 ;  and  the  average  labor  income  of  those  who 
had  over  $15,000  capital  was  $1,164.  With  a  small  investment,  the  high- 
est profits  are  impossible.  With  less  than  $5,000  capital,  the  possibility 
of  making  more  than  hired  men  receive  is  very  small.  Of  the  farmers 
who  operated  their  own  farms  and  who  had  no  more  than  $4,000  cap- 
ital, none  made  over  $1,000  labor  income.  But  of  those  with  more  than 
$15,000  capital,  46  per  cent,  made  over  $1,000. 

Distribution  of  capital.— The  capital  is  distributed  between  real  es- 
tate, stock,  machinery,  etc.,  in  the  same  proportions  on  the  successful 
and  on  the  unsuccessful  farms.  The  difference  is  in  the  amount  of  cap- 
ital. Seventy-three  per  cent,  of  the  total  capital  invested  in  the  farms 
on  April  fir^t  was  in  real  estate,  7  per  cent,  in  equipment,  and  16  per  cent, 
in  live  stock,  including  teams.  Two  per  cent,  of  the  capital  was  in  feed 
and  seed.  Only  i  per  cent,  was  in  the  form  of  unsold  produce.  Cash 
necessary  to  run  the  business  amounted  to  i  per  cent. 

Good  farms  pay  better  than  cheap  ones. —  The  opportunities  on  the 
Volusia  silt  loam  type  of  soil  do  not  appear  to  be  so  good  as  on  the 
Volusia  loam  or  other  of  the  better  soil  types.  The  average  labor  in- 
come on  Volusia  silt  loam  was  $218.  On  the  better  soils,  it  averaged 
nearly  twice  as  much.  The  Volusia  silt  loam  is  much  cheaper  than  the 
other  soil  types  but  Appears  to  be  relatively  too  high. 

The  land  that  is  fairly  high  priced  paid  best.  The  farms  near  market 
pay  better  than  those  farther  away,  but  those  that  are  so  near  town  as 
to  be  affected  by  town  real  estate  values  do  not  pay  so  well  for  farming 
purposes. 

Hired  help  pays. —  The  average  amount  spent  for  hired  help,  includ- 
ing the  value  of  board,  was  $147.  There  was  also  an  average  of  $58 
worth  of  unpaid  help  by  members  of  the  family,  making  the  total  an- 
nual value  of  labor  directed  by  the  farmer,  $205.  On  the  average,  the 
farmers  who  hired  the  most  help  made  the  largest  labor  incomes.  Those 
who  directed  less  than  $150  worth  made  no  more  than  hired  men's 
wages.  The  average  labor  income  of  those  who  directed  over  $800 
worth  of  labor  was  $1,194. 

On  the  average,  it  pays  to  hire  help,  but  farmers  with  small  farms  or 
with  only  one  enterprise,  as  the  production  of  wholesale  milk,  find  it 
difficult  to  keep  labor  profitably  employed. 

Th*  average  cow  does  not  pay.— Cows  are  the  most  profitable  kind 
of  live  stock  in  the  county;  but  when  feed,  labor,  interest,  use  of 
barns  and  other  cost  items  are  considered,  the  average  cow  does  not 
pay.  The  receipts  per  cow  from  milk  and  butter  and  from  net  sales  of 
cattle,  varied  from  less  than  $30  to  over  $100.  They  averaged  $65  per 
cow.  Those  who  sold  wholesale  market  milk  averaged  $80  per  cow. 
Those  who  sold  to  creameries  averaged  $61.  Those  who  made  butten^ 
on  the  farm  averaged  $52  per  cow. 
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It  pays  to  use  a  pure-bred  bull  of  a  dairy  breed.  Of  the  farmers  who 
had  mostly  Holstein  grade  cows,  about  half  had  pure-bred  bulls.  The 
average  receipts  per  cow  were  $89  for  the  herds  with  pure-bred  bulls  and 
$63  per  cow  for  herds  with  grade  bulls. 

Diversity  for  dairymen.-^  Dairy  farming  alone  does  not  pay  as  well 
as  a  combination  of  dairying  with  cash  crops.  The  farmers  producing 
wliolesale  market  milk  and  who  sold  no  crops  made  an  average  labor  in- 
come of  $251.  The  average  labor  income  of  those  who  received  less 
than  20  per  cent,  of  their  total  receipts  from  crops  was  no  more  than  hired 
men's  wages.  But  when  more  than  20  per  cent,  of  the  receipts  came 
from  crops,  the  farmers  made  good  profits.  The  dairy  fanners  who 
also  sell  crops  increase  their  receipts  from  25  to  100  per  cent.,  with 
practically  the  same  labor  that  is  required  to  take  care  of  the  cows. 
Dairying  alone  does  not  provide  a  full  day's  work.  The  combination 
of  milk  and  crops  for  sale  provides  profitable  work  throughout  the  day 
and  makes  one  of  the  most  successful  kinds  of  farming  in  this  caunt^^ 
A  proper  combination  of  cash  crops  and  stock  pays  better  than  either  one 
alon%. 

The  best  farms.—  A  farm  cannot  be  said  to  be  a  business  success  unless 
it  pays  all  farm  expenses,  pays  interest  on  the  capital  invested,  and  pays 
well  for  the  farm  work  done  by  the  farmer  and  his  family.  About 
one  farmer  in  every  one  hundred  makes  a  labor  income  of  over  $2,000. 
The  twelve  most  successful  farms  are  compared  with  the  average  farm 
as  follows: 

Size  of  business.  —  The  most  striking  diflference  is  in  size  of  business. 
The  most  profitable  farms  average  108  per  cent,  larger  and  have  an 
average  of  147  per  cent,  more  capital,  and  94  per  cent  more  cows  than 
the  average  farm. 

Number  of  cows. —  These  farms  have  nearly  twice  as  many  cows  per 
farm,  but  the  farms  are  twice  as  large,  so  they  do  not  have  quite  so  many 
cows  per  100  acres  as  the  average. 

Diversity  of  the  business. —  On  each  of  these  most  successful  fanns 
there  are  two  to  four  leading  products,  and  in  most  cases  many  minor 
products.  Those  with  three  leading  products  are  doing  better  than 
those  with  two.  By  combining  two  or  more  leading  products,  the  re- 
ceipts are  greatly  increased  without  much  increase  in  expenses.  For 
example,  milk,  potatoes,  and  hay  can  be  produced  for  sale  with  little 
more  labor  than  is  required  for  producing  milk  alone. 

Qtuility  of  business. —  The  quality  of  the  business  has  been  increased, 
but  not  nearly  so  much  as  the  size.  The  yield  of  potatoes  averages  & 
per  cent,  above  the  average,  other  crop  yields  27  per  cent.,  receipts  per 
cow  48  per  cent.,  receipts  per  sheep,  83  per  cent.  None  of  these  farmers 
was  attempting  to  grow  the  largest  possible  crops^.g.^Sgiji^^^Qvpersons 
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who  are  making  less  money  have  raised  larger  crops.  These  farmers 
are  raising  good  crops,  not  fancy  crops.  Theif  hay  crop  averaged  1.6 
tons.  The  average  for  all  farms  was  1.3  tons:"'  Their  oats  averaged 
43  bushels.  The  average  farmer  got  33  bushels.  Their  potatoes  aver- 
aged 219  bushels.  The  cows  on  the  best  farms  that  sold  market  milk 
averaged  about  8,000  pounds. 

Roughly  speaking,  we  may  say  that  on  these  best  farms,  the  size  of  the 
business  (capital)  is  150  per  cent,  above  the  average  and  that  the  quality 
or  production  is  about  50  per  cent:  above  the  average. 

Buying  feed, —  These  most  successful  farms  \>\xy  89  per  cent,  more 
concentrated  feed  per  animal  unit  than  the  average  farm.  Instead  of 
trying  to  raise  all  the  feed  for  their  cows,  they  find  it  more  profitable 
to  grow  such  crops  as  potatoes,  cabbages,  hay,  etc.,  to  sell,  and  to  buy 
mill  products.  They  sold  an  average  of  $1,669  worth  of  crops  and 
spent  only  $426  foi-  feed. 

Effect  of  such  farms  on  the  cost  of  Ihing  in  cities. —  After  allowing 
for  feed  purchased,  these  best  farms  contribute  to  the  city  supply  138 
per  cent,  more  food  per  acre  than  the  average.  The  farms  that  are 
primarily  larger,  more  diversified,  and  somewhat  better-farmed  than 
the  average,  make  the  most  efficient  use  of  men  and  capital.  With  the 
same  amount  of  man-labor  and  horse-labor  per  acre,  the  receipts  above 
purchased  feed  are  138  per  cent,  more  per  acre  than  the  average. 

One  of  these  farms,  averaging  212  acres,  contributes  as  much  food  to 
the  city  supply  as  is  contributed  by  505  acres  iri  farms  of  average  size. 

If  Tompkins  county  could  be  laid  out  in  farms'  of  this  size,  equipped 
and  managed  as  efficiently  as  these  farms,  the  same  number  of  men  and 
horses  that  are  now  on  the  farms  would  be  required,  but  they  would  con- 
tribute over  twice  as  much  to  the  food  supply  of  cities. 

Tenant  farms. —  Tenant  farms  are  on  the  average  |[)etter  than  those 
operated  by  owners.  Contrary  to  popular  opinion,  the  tenants  in  this 
county  do  not  sell  more  hay  than  the  average  owner.  They  keep  more 
stock  for  the  size  of  their  farms  than  the  owners  keep. 

Cash  vs.  share  renting. —  The  tenants  who  paid  cash  rent  made  an 
average  labor  income  of  $604 ;  those  who  gave  half  of  the  receipts,  made 
$342.  The  landlords  who  rented  for  cash  made  5.2  per  cent,  interest; 
those  who  rented  for  half  of  the  receipts  made  9  per  cent. 

With  cash  rent,  the  tenant  must  furnish  more  capital  and  must  take 
more  risk.     But  this  is  usually  much  better  for  the  tenant. 

When  the  landlord  shares  in  the  receipts  from  stock,  he  usually  gives 
considerable  attention  to  the  farm,  and  assumes  considerable  risk.  His 
percentage  is  not  all  for  interest ;  part  of  it  goes  for  care  and  risk. 

The  crop  yields  per  acre  were  practically  the  same  with /these  two 
systems  of  rental.  '  Digitized  by  C.OOgT^ 
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Education  and  profits. —  Of  the  owners,  those  who  went  only  to  dis- 
trict school  made  an  average  labor  income  of  $318;  those  who  went  to 
high  school  .made  $622 ;  and  the  farmers  who  had  more  than  high-school 
education  made  an  average  labor  income  of  $847.  A  high-school  educa 
tion  is  worth  as  much  to  a  farmer  as  $6,000  worth  of  5  per  cent,  boiidi. 

Farm  boys  educated  away  Trom  the  farm. —  The  proportion  of  farm- 
ers with  high-school  education  is  no  larger  among  the  younger  men 
than  among  the  older  ones.  This  seems  to  indicate  that  the  tendency 
of  present  education  is  away  from  the  farm.  Many  farmers  have  sug- 
gested teaching  agriculture  in  the  schools  to  correct  this  tendency. 

Forestry  questions. —  Examples  are  given  that  show  that  it  will  now 
pay  a  farmer  to  give  some  care  to  the  farm  woodlot.  Much  of  the 
rough  hill  land  in  southern  New  York  is  adapted  only  to  woods.  Some  d 
this  land  has  been  cleared  and  is  now  almost  worthless.  To  encourage 
the  reforesting  of  such  land  and  also  the  proper  care  of  present  wood- 
lots,  legislation  is  needed  which  will  exempt  forests  and  farm  woodlob 
from  taxation  until  the  time  of  cutting. 

Roads  for  farmers. —  One  of  the  greatest  needs  of  the  farmers  in  this 
region  is  to  have  new  roads  laid  out  that  will  reach  the  hills  with  reason- 
able grades.  The  few  State  roads,  usually  connecting  towns  in  the 
valleys,  are  of  little  importance  to  farmers  in  comparison  with  the  la}- 
ing  out  of  good  dirt  roads  from  each  town  that  will  reach  the  farms  on 
the  hills  with  the  least  expenditure  of  effort 

Empty  houses. —  Most  of  the  talk  about  abandoned  farms  is  caused  by 
the  empty  houses  that  are  seen  by  tourists.  But  an  empty  house  does 
not  mean  an  abandoned  farm.  These  houses  were  built  in  the  days  of 
the  scythe  and  grain  cradle.  With  machinery,  fewer  men  and  cons^ 
quently  fewer  houses  are  needed.  The  population  in  most  such  sections  is 
still  larger  than  present  economic  conditions  warrant.  Any  attempt  to 
fill  these  houses  can  only  result  in  failure. 
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THE  CELL  CONTENT  OF  MILK 

H.  E.  Ross 

There  are  two  methods  usually  employed  to  count  the  number  of  cells 
in  milk :  One,  the  smeared  sediment  method,  and  the  other,  the  Doane- 
Buckley,  or  volumetric  method. 

THE   SMEARED  SEDIMENT    METHOD 

The  smeared  sediment  method  was  devised  by  Stokes,*  of  the  Baltimore 
r>oard  of  Health.  It  was  later  modified  by  Stewart,^  of  the  Philadelphia 
l>oarcl  of  Health,  and  Slack,  of  the  Boston  Board  of  Health. 

Briefly  described,  this  method  consists  in  centrifugalizing  one  or  two 
cubic  centimeters  of  milk.  The  containers  are  small  glass  tubes  closed 
at  each  end  with  a  rubber  stopper.  The  centrifuge  is  run  at  high  speed. 
The  sediment  obtained  by  the  whirling  is  spread  over  a  definite  area  on  a 
cover-glass,  stained,  and  the  number  of  cells  counted. 

THE  VOLUMETRIC    METHOD 

The  volumetric  method  was  devised  by  Charles  F.  Doane^  and  S.  S. 
Buckley,  who  were  at  the  time  dairyman  and  veterinarian,  respectively, 
at  the  Maryland  Agricultural  Experiment  Station.  The  comparative 
results  obtained  by  the  smeared  sediment  and  the  volumetric  methods 
have  been  studied  by  Doane,  Russell,  and  Hoffman*  of  Wisconsin,  and 
Ward^  of  California.  All  are  agreed  in  pronouncing  the  volumetric' 
method  the  more  accurate. 

In  the  present  work  on  the  cell  content  of  milk,  the  volumetric  method, 
somewhat  modified,  was  used  exclusively.  For  this  reason  we  shall 
describe  the  method  as  used. 

Description  of  method  used 

Ten  cubic  centimeters  of  each  sample  of  milk  to  be  counted  were  placed 
in  separate  graduated  glass  centrifugalizing  tubes  and  heated  to  a  tem- 
perature of  ioo*'F.  to  I20*'F.    The  heating  was  accomplished  by  holding 

» Stokes,  The  Medical  News,  July  lo,  1897. 

*  Stewart,  American  Medicine,  Vol.  IX. 

*  Leucocytes  in  Milk  and  Their  Significance,  Bull.  102  Maryland  Agr.  Experiment 
Station. 

*  Russell  and  Hoffman,  Journal  of  Infectious  Diseases  1907,  Supplement  No^. 
•Ward,  Nineteenth  Biennial  Report  of  California  State  Board  ot  Health,    CjOOqIc 
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the  tubes  in  hot  water.^  The  tubes  were  then  whirled  in  a  Purdy  centr 
fuge  for  ten  minutes.  The  diameter  of  the  centrifuge  was  13  inches  wi: 
the  cups  extended,  and  a  speed  of  2,000  revolutions  was  attained.-  Thi 
collected  the  fat  in  a  solid  mass  in  the  top  of  the  tube,  from  which  it  v :. 
removed  by  means  of  a  cotton  swab.  For  this  purpose,  we  found  a- 
ordinary  Babcock  test  bottle  brush  useful.  The  cotton  adhered  rea^'l 
to  the  bristles  of  the  brush  and  did  not  drop  off  into  the  milk. 

After  the  fat  had  been  removed,  the  tubes  were  centrif ugalized  for  c»n- 
minute  more,  when  the  remaining  fat  was  removed  as  before.  In  centH- 
fugalizing  the  second  time,  care  had  to  be  taken  to  have  the  liquids  at  the 
same  level  in  both  tubes  in  order  to  keep  the  machine  balanced. 

The  liquid  was  then  drawn  off  nearly  down  to  the  sediment  in  th: 
bottom  of  the  tube.  Ordinarily  this  was  about  to  the  one  half  cc.  mark. 
The  liquid  should  not  be  drawn  so  close  to  the  sediment  as  to  disturb  thr 
cells.    For  removing  the  liquid,  a  10  cc.  pipette,  bent  in  such  a  way  that 

Pig.  293. — ,Benl  pipette  with  hole  in  the  side,  used  to  remove  liquid  from  sedimenL 


the  tube  could  be  held  in  front  of  the  eye  while  the  liqiii  1 
was  being  drawn  off,  was  found  useful.  The  bottom  of  the 
pipette  was  closed  and  the  liquid  taken  into  tlue  pipette 
through  a  hole  in  the  side.  This  tended  to  prevent  a  dis- 
turbance of  the  cells.     (Fig.  293.) 

After  the  supernatant  liquid  had  been  drawn  off,  a  stain 
was  added.  This  was  made  by  mixing  15  drops  of  a  satu- 
rated gentian  violet  solution  with  100  cc.  of  a  .6^  salt  (sodium 
chlorid)  solution.  The  solution  tinged  the  cells  a  faint  purple 
and  yet  did  not  stain  the  objects  such  a  deep  color  as  10 
make  it  difficult  to  distinguish  them.  Some  other  stains  are 
objectionable  because  they  are  too  intense.  Russell  and  Hott- 
man  used  no  stain  whatever  in  their  investigations.  Thi- 
we  found  hard  on  the  eyes ;  and  in  some  cases  it  was  diflficul: 
to  identify  objects  under  the  microscope  unless  a  stain  wa< 
used.  In  the  present  work,  enough  stain  was  added  to  make 
the  solution  up  to  one  cubic  centimeter,  thus  establishing  an 
easy  basis  of  calculation. 
After  the  sediment*  and  stain  had  been  thoroughly  mixed,  a  drop  of  the 

>  The  tubes  may  be  heated  in  a  direct  flame,  but  there  is  danger  of  breaking  them. 
Care  should  be  taken  not  to  heat  the  milk  to  such  a  high  temperature  that  the  Sbumea 
of  the  milk  will  be  precipitated,  and  thus  obscure  the  lines  in  the  counting  chamber 

*  In  our  experience  with  a  machine  of  the  above  diameter,  a  speed  of  at  least  is^f 
was  necessary,  not  only  to  throw  down  the  cells  but  also  to  remove  the  fat  mv' 
thoroughly.  If  the  fat  is  not  thoroughly  removed,  the  globules  will  rise  in  the  cou*-- 
ing  chamber  and  obscure  the  field. 

•  Usually  the  sediment  was  packed  so  firmly  in  the  bottom  of  the  tube  that  it  L- 
to  be  broken  up  with  some  fine  instrument,  such  as  a  platinum  needle. 
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mixture  was  transferred,  by  means  of  a  2  cc.  pipette,  to  the  counting 
chamber.  The  cover-glass  was  adjusted  as  soon  as  possible  so  that  the 
cells  would  settle  evenly  over  the  ruled  area  of  the  chamber.  It  was 
found  important  to  have  both  the  cover-glass  and  the  counting  chamber 
clean,  in  order  that  the  proper  depth  (i/io  millimeter)  of  the  liquid 
should  be  obtained.  The  drop  of  liquid  was  rejected  and  a  new  one  taken 
if  the  following  conditions  were  not  fulfilled: 

1.  If  the  cover-glass  did  not  fit  snugly  against  the  slide.  This  would 
be  due  to  foreign  material  beneath  the  cover-glass. 

2.  If  the  drop  did  not  cover  the  entire  area. 

3.  If  the  liquid  overflowed  the  counting  chamber  and  ran  between  the 
cover-glass  and  the  slide. 

4.  If,  on  examination,  the  cells  were  not  rather  evenly  distributed  over 
the  entire  field. 

5.  If  any  air  bubbles  were  under  the  cover-glass. 

6.  If  any  foreign  material  was  found  in  the  chamber  which  would  cover 
the  cells.  This  might  include  precipitated  casein,  particles  of  skin  from 
the  udder  of  the  cow,  and  fat  globules. 

All  of  the  above  conditions  are  very  important,  and  it  was  our  ex- 
perience that  inattention  to  any  one  of  them  resulted  in  unreliable  and 
unsatisfactory  results. 

In  using  the  counting  chamber,  it  is  best  to  hold  to  some  particular 

method  of  counting  the  cells.    Adherence  to  one  method  will  save  much 

confusion.    The  writer  always  began  at  the  upper  left-hand  section  of 

the   ruled  area,  and,  working  downward,  counted  the  four  blocks  of 

1/16  square  millimeter  each.     (See  cover  cut.)     He  then  began  at  the 

bottom  and  counted  upward  on  the  squares  at  the  extreme  right  hand  of 

the  ruled  area.    Again  working  downward,  he  counted  the  next  set  of 

four  squares.     From  the  bottom  upward,  the  four  remaining  squares 

were  counted.    This  method  had  the  merit  that,  by  setting  down  in  order 

the  number  of  cells  in  each  1/16  square  millimeter  division,  it  was  easy 

to  tell  the  number  of  cells  in  any  particular  division  by  glancing  at  the 

record  sheet. 

Computing  the  results 

Let  us  suppose  that  there  were  in  the  entire  field  55  cells.  Since  the 
chamber  is  only  i/io  of  a  millimeter  deep,  we  multiply  55  by  10,  making 
550  cells  per  cubic  millimeter.  There  are  1000  cubic  millimeters  in  a 
cubic  centimeter,  so  that  to  reduce  our  result  to  cubic  centimeters  we 
multiply  550  by  1000,  making  550,000.  We  started  with  10  cc.  of  milk, 
which  we  concentrated  so  as  to  count  in  one  cubic  centimeter  all  the  cells 
that  were  in  the  original  10  cc.  Our  results  are  therefore  ten  times  too 
large.  Dividing  550,000  by  10  we  obtain  a  final  result  of  SS^^^Pv/^^Jifp 
per  cubic  centimeter.  '^'^'^^    ^  o 
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In  using  the  counting  chamber  for  determining  the  number  of  cells 
in  milk,  it  is  sometimes  customary  to  count  a  part  of  the  field  and 
then  to  estimate  the  number  in  the  entire  field.  Since  there  are  16 
squares  in  the  ruled  area,  either  4  or  8  squares  are  frequently 
counted.  In  Table  No.  i  are  given  the  results  from  counting  four 
squares  and  eight  squares,  and,  after  estimating  the  total,  of  compar- 
ing the  results  with  a  count  of  the  entire  field.  In  figuring  the  percent- 
age of  variation,  the  count  of  the  entire  field  was  taken  as  the  basis 
When  four  squares  were  counted,  there  was  a  variation  of  9.30^1?.  When 
eight  squares  were  counted,  there  was  a  variation  of  6.98^,  The  eighi 
squares  gave  results  closest  to  the  count  of  the  entire  field. 

An  examihation  of  Table  i  will  show  that  there  was  no  regularity  a> 
to  whether  the  counts  estimated  were  above  or  below  the  count  of  the 
entire  field.    This  is  true  in  the  counts  of  both  four  and  eight  squares. 


Table  i  —  Showing  Comparative  Results  of  a  Count  of  the  Entire 
Field  and  of  Part  of  the  Field 


SAMPLE  NO. 


Average  Cells  Per  cc. 


Four 
squares 


Eight 
squares 


CeUs 
percc. 
entire 

field 


Percentage 
Variation 


Four 
squares 


Eight 
squares 


1 312,000 

'  2 722,000 

3 288,000 

4 632,000 

5 320,000 

6 924,000 

7 1,188,000 

8 972,000 

9 208,000 

10 2,624,000 

II ;  1,944,000 

12 3,984,000 

13 3,540,000 

14 404,000 

15 416,000 

16 240,000 

17 280,000 

18 792,000 

19 764,000 

20 636,000 

21 568,000 

22 664,000 

23 684,000 

24 712,000 

25 568,000 

26 2,588,000 

27 2,496,000 

28 472,000 

29 528,000 


324,000 

758,000 

288,000 

654,000 

358,000 

916,000 

1,190,000 

896,000 

216,000 

1,994,000 

2,006,000 

3,760,000 

3,530.000 

388,000 

446,000 

254.000 

266,000 

782,000 

748,000 

690,000 

554.000 

666,000 

680,000 

680,000 

658,000 

2,540,000 

2,444.000 

506,000 

530.000 


325,000 

749.000 

283,000 

654,000 

325.000 

936,000 

1,151,000 

880,000 

197.500 

1.972,500 

2,042,000 

3,576,000 

3,427,000 

414,000 

438,000 

256,000 

261,000 

755.000 

744.000 

675.000 

574.000 

628,000 

661,000 

720,000 

633,000 

2,580,000 

2,395.000 

473.000 

524,000-^ 
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4.00 
3.60 
1.76 
336 
4-47 
1.28 

3  21 
10.40 

531 
2.61 

4  79 
11.40 

3.29 
2.41 
5.02 
6.25 
7.27 
4.90 
2.68 

5.77 
1.04 

5.73 
3.47 
I. II 
1.02 

.31 
4.21 

.31 


rgi, 


1.20 

1.76 

.00 

6.86 
2-13 

^f 
1.81 

93; 
1.08 

1.76 
514 

6.2S 

Ii2 
.78 
1.91 

3-57 

•53 

722 

605 
2.87 
5.55 
3^ 
i« 
I  i' 
6.q* 
I.U 
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SAMPLE  NO. 


Average  Cells  Per  cc. 


Four 
squares 


Eight 
squares 


CeUs 
per  cc.  . 
entire 

field 


Percentage 
Variation 


Four 
squares 


Eight 
squares 


30.  . 
31     . 

32. 
33     . 

34-  • 

35-  . 
36. 
37.  . 
38.. 

39.  . 

40.  . 

41.  . 

42.  . 
43-  . 

44.  . 

45.  - 
46.. 
47-  . 
48.. 

49. 

50. 

51 

52. 

53.  ■ 

54. 

55. 

56.. 

57- 

58. 

59 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 
68. 
69. 
70. 
71. 
72. 

73. 
74. 
75. 
76. 
77. 
78. 

80. 
81. 

8fl. 


336.000 
488,000 
516,000 
508,000 
900,000 
708,000 

42A,000 

310,000 

305,000 

20,000 

20,000 

24,000 

28,000 

836,000 

888,000 

976,000 

1,000,000 

24,000 

12,000 

20,000 

12,000 

468,000 

408,000 

204,000 

224,000 

68,000 

68,000 

180,000 

1,072,000 

1,052,000 

236,000 


244,000 
188,000 
224,000 
256,000 
192,000 
120,000 

88,000 

352,000 
404,000 
504,000 
308,000 
432,000 
32,000 
52,000 

64,000 
424,000 
456,000 
972,000 
908,000 
1,316,000 
1,398,000 


34^,000 

353.000 

478,000 

471,000 

512,000 

542.000 

516,000 

506,000 

842,000 

S02,000 

704,000 

709,000 

398,000 

413.000 

356,000 

376.000 

292,000 

332.000 

20,000 

20,000 

22,000 

21,000 

20,000 

17.000 

16,000 

20,000 

834.000 

825,000 

866,000 

838,000 

938,000 

955.000 

1,040,000 

985.000 

20,000 

20,000 

10,000 

14,000 

18,000 

13.000 

14,000 

12,000 

400,000 

382,000 

430.000 

397,000 

232,000 

294,000 

228,000 

230,000 

78,000 

92,000 

80,000 

76,000 

172,000 

177,000 

1,114,000 

1,103,000 

1,044,000 

1,111,000 

236,000 

235.000 

4,000 
228,000 

248,000 

220,000 

205,000 

208,000 

203,000 

272,000 

266,000 

240,000 

231,000 

104,000 

114,000 

86,000 

79.000 

344.000 

344.000 

412,000 

412,000 

508,000 

491,000 

298,000 

293,000 

426,000 

455.000 

24,000 

20,000 

48,000 

49,000 

48,000 

48,000 

434.000 

479.000 

444,000 

466,000 

988,000 

1,063,000 

962,000 

1,002,000 

1,304,000 
1,346,000 

1,318,000 

I, 325*000 

Di 

4.81 
3.60 

4-79 

.39 

12.21 

2!66 

15.95 

8.10 

.00 

4.76 

41.17 

40.00 
1.33 
5.96 
2.19 
1.52 

20.00 

13.57 

53.84 

.00 

22.51 

2.77 
30.61 

2.60 
26.08 
10.52 

1.69 

2.81 

5.31 

42.00 

100.00 

7.00 

8.29 
10.34 

3.75 
16.88 

5.26 

"39 
2.32 
1.94 
2.64 
5  II 
505 

60.00 
6.12 

33-33 

11.48 

2.14 

8.56 

9.38 

.15 


^•54 
1.48 

5.53 

1.97 

4.98 

.70 

3.63 

5.31 

12.04 

.00 

4.76 

17.64 

20.00 

1.09 

5.58 
.00 

28.57 
38.46 
16.66 

8.31 

21.08 

.86 

15  21 

5-26 

2.83 

99 
6.03 
42.00 
100.00 
8.77 
7.31 
2.46 
2.25 

8.77 
8.86 

.00 

.00 
3.46 
1.70 

6.37 
20.00 
2.04 
.00 
9.39 
4.72 
7.05 
3  99 
1.06 
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Table  i  —  Concluded 


SAMPLE  NO. 


Average  Cells  Per  cc. 


Four 
squares 


Eight 
squares 


Cells 
per  cc. 
entire 

field 


Percentage 
Variation 


Four 
squares 


Eight      I 
squares 


83. 
84. 
85. 
86. 

87. 
88. 
89. 
90. 

91. 
92. 

93- 
94 
95. 
96. 

97 

98. 

99 
100. 


170,000 
160,000 
760,000 
656,000 
180,000 
156,000 
706,000 
668,000 
40,000 
36,000 
1,000,000 
964,000 
476,000 
408,000 
856,000 
676,000 
676,000 
375.000 


160,000 
150,000 
740,000 
688,000 
160,000 
148,000 
840,000 
694,000 
34.000 
18,000 
878,000 
884,000 
460,000 
448,000 
840,000 
706,000 
680,000 
345.000 


163,000 
154,000 
815,000 
666,000 
163,000 
154.000 
815,000 
666,000 
43,000 
33.000 
815,000 
888,000 
447,000 
470,000 
831,000 
704,000 
646,000 
362,000 


4.29 
3.89 
6.74 
1.50 

10.42 
1.29 

13-37 

.30 

6.97 

9.09 

22.69 

8.55 
6.48 

13  19 
300 

3.97 
4.64 

3  59 


Average  variation  . 


930 


-&4 
59 
20 

•30 
•H 
.89 


I. 

2. 
9 
3 
I. 

3- 

3.06 

4  20 

20.93 

45  45 

7-73 

•45 

2.90 

4.68 

i.oS 

.28 

5.26 

4.69 


6.98 


VARIATIONS  IN   THE  SAME  SAMPLE  OF   MILK 

In  Table  2  are  given  the  results  of  a  test  to  determine  the  variation 
in  different  counts  from  the  same  sample  of  milk.  Two  tubes  of  the  same 
sample  were  centrifugalized  and  a  count  made  from  each  tube.  In  each 
case  the  entire  field  was  counted  and  the  first  count  taken  as  the  basis 
from  which  to  figure  the  percentage  of  variation.  An  average  variation 
of  12.76^  was  obtained.  This  is  considerably  higher  than  the  results 
obtained  by  Russell  and  Hoflfman,  who  found  a  variation  of  5.6^.  In  the 
56  samples  recorded  in  Table  2,  there  are  a  few  with  abnormally  high 
variation.  Although  these  few  greatly  increase  the  percentage  of  varia- 
tion, it  was  thought  best  to  record  them  as  they  show  the  occasional 
inaccuracy  of  the  results.  There  was  no  apparent  reason  for  the  high 
percentages  of  variation. 

THE  effect  of  HEATING  THE  MILK 

In  separating  milk  with  a  centrifugal  separator,  the  milk  is  heated  to 
about  85  °F.  prior  to  separation  in  order  to  increase  the  ease  of  separation 
and  to  make  the  removal  of  fat  more  thorough.  Since  the  presence  of  fat 
globules  in  the  counting  chamber  is  such  a  disturbing  factor,  it  was 
thought  that  perhaps  warming  the  milk  would  help^tc^.^r^^ovc  the  fat  just 
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Table  2  —  Showing  Accuracy  of  thb  Doanb-Bucklby  Method  by  Two 
Counts  from  the  Same  Sample  of  Milk 


SAMPLE  NO. 


First 
count 


Second 
count 


Difference 


Percentage 
variation 
based  on 

first  count 


I . . 

2 . . 

3- 
4.. 

5  • 
6.. 

7.. 
8.. 

9 

10. . 

II . . 

12.  . 

13 

14 

15- 

16.. 

17.. 
18.. 
19  . 
20. . 
21 . . 
22.. 

23- • 
24.. 

25-. 

26.. 

27.. 
28.. 

29 
30.. 

31.- 
32.. 
33- 
34-- 
35.- 
36.. 
37- • 
38.. 
39.. 
40.. 
41., 
42. 

43. 
44. 

45- 
46. 

47- 
48. 

49- 
50. 
51- 
52 
53- 
54- 
55- 


257.000 
413.000 
628,000 
720,000 
2,580,000 
473.000 
353.000 
542.000 
374.000 
802,000 

20,000 
210,000 
825,000 
955.000 

19,000 

13,000 
382,000 
243,000 

92,000 

1,103,000 

235,000 

205,000 

114,000 

264,000 

491,000 

1,063,000 

479,000 

1,318,000 

274,000 

20,000 
163,000 
815,000 
851,000 
447,000 

43.000 

33.000 
163,000 
815,000 
704,000 
118,000 

33.000 
448,000 
870,000 

45.000 

24,000 
360,000 
119,000 

38,000 
671,000 

59.000 

30,000 

48,000 
407,000 

79,000 
9,000 

20,000 


Average  variation . 


262,000 

437.000 

661,000 

633.000 

2,395.000 

524,000 

471,000 

506,000 

413.000 

625,000 

23,000 

206,000 

838,000 

985,000 

16,000 

12,000 

397.000 

230,000 

76,000 

1,111,000 

228,000 

203,000 

79,000 

229,000 

455.000 

1,002,000 

466,000 

1.325.000 

255,000 

19,000 

154.000 

666,000 

881,000 

470,000 

33.000 

45.000 

154,000 

666,000 

656,000 

98,000 

40,000 

424,000 

970,000 

35.000 

24,000 

365.000 

124,000 

48,000 

1,020,000 

83,000 

24,000 

41,000 

391,000 

71,000 

14,000 

15,000 


5.000 

24,000 

33.000 

87,000 

185,000 

51.000 

118,000 

36,000 

39.000 

177.000 

3.000 

4,000 

13.000 

30,000 

3.000 

1,000 

15.000 

13.000 

16,000 

9,000 

7,000 

2,000 

35.000 

35.000 

36,000 

61,000 

13.000 

7,000 

19,000 

1,000 

9,000 

149,000 

30,000 

23,000 

10,000 

11,000 

9,000 

149,000 

48,000 

20,000 

7,000 

24,000 

100,000 

10,000 

5.000 
5.000 

10,000 
349.000 

24,000 
6,000 
7.000 

16,000 
8,000 
5.000 
5.000 


=  11? 

+12.08 

+  7.17 
—10.78 

— 10.42 
+22.06 
—15.00 
+  1.90 

—  1.57 

—  3.14 
+15.73 
+  7.69 

—  3.92 

+  5-34 
+17.39 

—  .81 

+  2.97 
+  .97 
+30.70 
+13-25 
+  7.33 
5.73 
2.71 

6.93 
5  00 

552 
+18.28 

—  3.52 

—  5.14 
+23.25 

—33.33 
+  5.52 
+18.28 
+  6.81 
+16.94 
— 21.21 
+  5-35 
—11.49 
+22.22 
.00 

-1.38 

—  4.20 
—26.31 
— 52.01 
—40.67 
+20.00 
+14.58 

+  3.93 
+10.12 

—55.55 
+25.00 


+ 
+ 

+ 
+ 

+ 


12.76 


782 


Bulletin  303 


as  in  the  centrifugal  separator.  A  trial  proved  this  to  be  the  case.  It 
was  also  found  that  when  milk  was  warmed  before  centrifugalizing,  ft 
gave  a  much  higher  ceH  count  tlian  when  it  was  not  warmed.  This 
increase  was  probably  due 'to  the  fact  that  warming  the  milk,  expanded 
it,  and  made  it  possible  to  separate  more  of  the  cells  from  the  milk. 

In  Table  3  are  given  the  results  of  a  comparison  of  the  counts  of  50 
samples  of  milk  heated  and  not  heated.  The  unheated  samples  were 
centrifugalized  at  a  temperature  of  6o®F.  to  70**F.  The  temperature  of 
the  heated  samples  was  ioo**F.  to  I20°F.  It  will  be  noted  that  the  increase 
due  to  heating  is  large,  and  that  only  in  two  cases  out  of  50  did  the 
unheated  sample  give  a  higher  count  than  the  heated  sample.  In  figuring 
the  percentage  of  difference  of  cells  per  cubic  centimeter  between  the 
heated  and  the  unheated  samples,  the  heated  samples  were  taken  as  the 
basis.  The  average  per  cent  of  increase  of  the  50  samples  due  to  heating 
was  30.89. 

Table  3  —  Showing  thb  Incrbask  in  tbb  Cell  Count  Dub  to  Hbating  thb 
Samplb  Bbforb  Counting 


Hbatbd  Sample 

Sample  Not  Heated 

Difference 
in  cells  per 
cubic 
centi- 
meter 

SAMPLE 
NO. 

Tempera- 
ture in 
degrees 
Fahren- 
heit 

Cells  per 

cubic 
centimeter 

Tempera- 
ture in 
degrees 
Fahren- 
heit 

Cells  per 

cubic 
centimeter 

Percentage 

difference 

due  to 

beating 

I 

2 

3 

4 

5 

6 

2:::::::: 

9 

10 

II 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

«3 

120 
120 
120 
120 
123 
122 
120 
130 
120 
121 
120 
122 
120 
123 
124 
130 
126 
126 
130 

125 

120 
118 
Its 

147.000 

374.000 

68,000 

10,000 

151,000 

141,000 

968,000 

941.000 

599.000 

78,000 

656,000 

292,000 

29,000 

39.000 

27,000 

11,000 

456,000 

133.000 

57.000 

55,000 

47.000 

1.404,000 

824.000 

60 
60 
64 
78 
60 
60 

65 
60 
50 
60 

65 
60 

44 

66 
80 
80 
64 
60 
62 
62 
62 

127,000 

339.000 

30,000 

21,000 

135.000 

78,000 

788,000 

720,000 

342.500 

66,000 

300,000 

145.000 

16,000 

18,000 

16,000 

5.000 

268,000 

58.000 

41,000 

31.000 

18,000 

1.536.000 

540,000 

20,000 

35.000 

38,000 

11,000 

16,000 

63,000 

120,000 

221,000 

256,500 

12,000 

356,000 

147.000 

13.000 

21,000 

11,000 

6,000 

188,000 

75.000 

16,000 

24,000 

29,000 

132,000 

^84,000 

13.60 

110.00 

10.59 
44.68 
13.21 

23    48 
42.82 

15-38 
54.26 
50.34 
44.82 

53-84 
40.74 
54-54 
4122 

56.39 
28.07 
43.63 
61.70 
-9.40 
34.46 
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Table  3  —  Concluded 


Heated  Sample 

Sample  Not  Heated 

Difference 
in  cells  per 
cubic 
centi- 
meter 

SAMPLE 
NO. 

Tempera- 
ture in 
degrees 
Fahren- 
heit 

Cells  per 

cubic 
centimeter 

Tempera- 
ture in 
degrees 
Fahren- 
heit 

Cells  per 

cubic 
centimeter 

Percentage 

difference 

due  to 

heating 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

120 
122 
126 
140 
120 
120 
120 
120 
122 
120 
120 
130 
132 
125 
124 
120 
122 
122 
122 
122 
120 
132 
122 
121 
120 
118 
126 

18,000 

25,000 

22,000 

36,000 

17,000 

38,000 

123,000 

150,000 

428,000 

225,000 

189,000 

484,000 

368,000 

30,000 

27,000 

88,000 

119,000 

184,000 

33.000 

32,000 

620,000 

492,000 

99.000 

544.000 

17,000 

32,000 

144.000 

46 
46 
54 

is 

62 

66 

65 
62 

61 
60 
62 
62 
62 
62 
62 
64 
58 

11 
60 

^5 
63 

8,000 

15.000 

13.000 

26,000 

16,000 

22,000 

41,000 

121,000 

364,000 

132,000 

139,000 

396,000 

128,000 

18,000 

27,000 

51.000 

72,000 

132,000 

20,000 

30,000 

396,000 

474.000 

536,000 

316,000 

10,000 

20,000 

88,000 

10,000 
10,000 

9,000 
10,000 

1,000 
16,000 
82,000 
29,000 
64,000 
93.000 
50,000 
88,000 
240,000 
12,000 

*37iooo 

47.000 

52,000 

13.000 

2,000 

224,000 
18,000 

454.000 

228,000 

7,000 

12,000 

56,000 

55.55 
40.00 
40.90 

V^ 

42.10 
66.66 
19.33 
14-95 
41.33 

\t:n 

65.21 
40.00 

.00 

42.04 

'in 

36.12 

365 
45.85 
41.90 
41.17 

variations  in  milk  from  different  cows 

In  Table  4  are  given  the  results  of  counts*  of  the  cell  content  of  milk 
from  50  different  cows.  In  all  of  the  different  samples  examined,  no 
milk  was  found  free  from  cells.  So  far  as  we  can  learn,  the  same  has 
been  true  in  the  examinations  made  by  other  investigators.  The  samples 
represented  in  Table  4  were  taken  from  several  different  herds.  It  will 
be  noted  that  the  lowest  count  was  4,000  cells  per  cc.  (sample  28), 
and  the  highest  was  3,576,000  cells  per  cc.  (sample  5).  To  all  appear- 
ances, both  cows  were  perfectly  normal  and  healthy,  and  there  was  no 
apparent  reason  for  the  difference  in  count. 
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Table  4  —  Showing  thb  Cell  Content  of  50  Different  Cows 


COW  NO. 


Number  of 

cells  per 

cubic 

centimeter 


I 
2 
3 
4 
5 
6 

7 
8 

9 
10 
II 
12 
13 
14 
15 
16 

17 
18, 

19 
20 
21 
22 
23 
24 
25 


283,000 
654,000 
197.500 

1,972,500 

3,576,000 
426,000 
258,500 
644,000 
676,500 

2,487,500 

524,000 

20,000 

956,000 

1,321,500 

121,500 

17,600 

29,000 

143,000 

135.650 

55.000 

18,000 

3,064,000 
207,000 
184,000 
228,000 


COW  NO. 


26 

27 

28 

29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

47 
48 

49 
50 


Number  of 

oells  per 

cubic 

caenti  meter 


168.000 

188,000 

4,oott 

19,000 

777. 5<*^ 
338,ooci 
675,000 
560,500 
977.500 
498,000 
354,000 
86,OG0 
38,000 
296,000 
26,000 
36.000 
352,000 
140,000 
680,000 
196,000 
288,000 
20,000 
204,000 
48,000 

I57r000 


COMPARATIVE  COUNTS  OF  FORE  MILK,   MIDDLE  MILK,  AND  LAST  MILK 

In  Table  5  are  given  the  comparative  counts  of  the  cell  content  of  fore 
milk,  middle  milk,  and  last  milk.  In  every  case  the  last  milk  gave  a  much 
higher  count  than  either  the  fore  milk  or  the  middle  milk.  In  eleven 
samples  of  the  fifteen  counted,  the  fore  milk  gave  the  lowest  count,  the 
middle  next  highest,  and  the  last  milk  highest.  The  fore  milk  consisted 
of  the  first  10  or  15  streams  from  each  teat.  The  middle  milk  was 
obtained  when  the  cow  was  approximately  half  milked.  The  last  milk 
consisted  of  the  strippings. 


EFFECT  OF  MANIPULATION  OF  THE  UDDER 

It  is  not  definitely  known  whether  the  cells  found  in  milk  are  true 
leucocytes  or  whether  they  are  epithelial  cells.  In  either  case  it  seemed 
reasonable  to  suppose  that  manipulation  of  the  udder  would  tend  to 
increase  them.    The  manipulation  would  break  down  cells,  and,  if  vigor- 
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Table  5  —  Showing  the  Comparative  Cell  Content  op  Fore  Milk,  Middle 

Milk,  and  Last  Milk 


SAMPLE  NO. 

Cells  per 

cubic 

centimeter 

in  fore 

milk 

Cells  per 

cubic 
centimeter 

in  middle 
milk 

Cells  per 

cubic 

centimeter 

in  last 

milk 

Percentage 
of  increase 
of  cells  per 

cubic 

centimeter 

of  last  milk 

over  fore 

milk 

Percentage 
of  increase 
of  cells  per 

cubic 
centimeter 
of  last  milk 
over  middle 

milk 

I 

487,000 

41,000 

30,000 

2,696,000 

9,000 

1,280,000. 

143.000 

28,000 

14,000 

1,404,000 

36,000 

123,000 

30,000 

229,000 

491,000 

448,000 

43,000 

48,000 

2,045,000 

15.000 

3,008,000 

285,000 
29,000 
85,000 

824,000 
17,000 

150,000 
36,000 

126,000 

528,000 

875.000 

61,000 

119,000 

2,746,000 

29,000 

5,120,000 

628,000 

133.000 

208,000 

3,064,000 

38,000 

428,000 

88,000 

248,000 

820,000 

44-34 
32.78 
74-78 
18.20 
68.96 
75-00 
77-22 

78.94 
93  26 

54-17 
5.26 

71.26 

65.90 
7.66 

40.12 

48.80 
29.50 
59.66 
25.52 
48.27 

2 

'I 

A 

S 

6 

41.25 
54-61 
78.19 

59.13 
73.10 
55-26 
64.95 
59.09 
49.19 
35.60 

7 

8 

0 

10 

II 

12.' 

17 

lA 

IS 

Average  inci 

[^ase - 1 

53-85 

52.14 

1 

ous  enough  to  produce  inflammation,  would  cause  an  increase  in 
leucocytes.  Table  6  shows  the  effect  of  manipulation  on  the  cell  content 
of  the  milk. 

The  method  of  conducting  this  experiment  was  as  follows :  A  count  of 
the  milk  was  taken  at  night  and  on  the  following  morning.  Then,  on  the 
following  evening,  24  hours  after  the  first  count,  the  udder  was  vigor- 
ously manipulated  for  five  minutes.  The  cow  was  then  milked  and  a 
count  of  the  milk  made.  In  Table  6  are  presented  the  percentages  of 
increase  or  decrease  of  cells  over  the  milk  drawn  24  hours  and  12  hours 
before  the  manipulation  of  the  udder.  This  comparison  was  made  in  order 
to  obtain  more  definite  and  accurate  results  in  the  work. 

Generally  speaking,  the  results  of  this  experiment  were  unsatisfactory. 
The  table  shows  that  in  some  cases  there  was  an  increase  in  cell  content 
of  the  milk  from  the  manipulated  udder.  In  a  majority  of  cases  there  was 
an  increase,  but  sometimes  the  increase  was  so  small  as  to  be  negligible. 
The  average  percentage  of  increase  was  11.98^  for  the  first  count  and 
35.29^  for  the  second  count. 

In  considering  the  table  as  a  whole  these  average  percentages  of 
increase  are  of  little  significance.    The  experiment  was  valuable,  however. 
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in  that  the  rcsuhs  showed  that  quite  extreme  measares  would  have  to  !:< 
used  to  set  up  enough  intlammation  to  materially  increase  the  cell  cocte:: 
of  the  milk. 


Table  6  —  Showing  thb  Effect  of  Massaging  the  Uddek  ox 
Cell  Context 


SAMPLE  NO. 


Number  of      Nurr.ber  of 


ceiU  per 

cubic 

cer.tin^eter 

24i>xirs 

bete  re 

lTLagC3gT*>g 


cells  per 

cubic 

centimeter 

12  hours 

bef«->rB 


Nuniber  of 
cells  per 


FfTcieniage 

oc  TTT'crease 

cubic         I    ^'^^''^^^ 
centiraeter 

after 

IB3L3S3fU!l^ 


of  in-.-r-^^e 

or  dev-r-^^ 

of  ceils  due  *    o£  cells  d-•^ 

:o  rsassagtrig    toma<.=iS,r~> 

over  nrst     1  o^ 

CKxmt        I 


1 908.000 

2 2Q.O0O 

3 I,o8o.o<» 

4     9^0.000 

5     r.ooo 

6   55-000 

7   i>.ooo 

S 225.000 

9 1  6JO.CC10 

ATengd  percenii^ 


941.000 

744.000 

600.000 

9.000 

47.000 

25.000 

184.000 

492.000 


3,420.000 

27.000 

1.044.000 

y9b,ooo 

11.000 

57.000 

22,000 

484.000 

990.000 


+73  45 

—  7  40 

—  3  44 
—64.42 

+36  56 

+  3  50 
-his  Id 

-*-S5  51 
^37  37 


^11  9« 


+72  r 


-^s 


TS5^^ 


V.\RIATIOXS  IX  A  LONG  POUOO 

In  Table  7  is  gi^'en  the  cell  content  of  n-iTk  from  three  cows^  ctt* — 
a  perk-d  ot  nve  to  seven  months^  Golden  Dsl^y  was  a  Jersey,  and  trcfh 
ened  October  6,  1908;  Sigma  was  a  Hobtein.  and  freshened  October  ! 
1008:  Lady  Benton  \*~a5  a  Shorthorn,  and  freshened  CV^ober  la.  :  •:■> 
The  milk  from  the  first  two  was  examined  for  a  period  of  a  little  3»e: 
se^-en  months.  Lady  Ber.ton  did  not  breed  again,  became  fat,  and  \.i: 
accordingly  sold  for  beef  on  March  6.  i'X«x  Her  milk  was  tbcre::rs 
exarrined  for  a  ^erxxl  of  ab»>ut  five  months  cnly. 

There  are  several  ::e:rs  of  interest  t.^  be  note^i  from  Table  7.    In  r: 
first  7'ace.  the  eel!  o:n:er.t  of  milk  per  ctir  :c  ceatin:eter  varies  both  in  '  li 
and  d  'A-nw-ard.  but  the  \-ariat:on  in  iniiviiual  o."»ws  is  within  certain  h-.:- 
Take  rirst  Golden  L^isy.    Elxcepciri:  the  trne  %  hen  the  cc  w  was  ZI.  the  .t" 
orrtent  cf  the  milk  \-ar:ed  fnm  4.xx»  t."^  XxXO,  bat  it  usually  was  bct^  .f 
4C.3CO  and  So.cco.  The  n-ilk  :r:cn  Sic^^  ^"as  n-X  so  uniform  in  cell  r:*: 
as  was  th-it  from  G^Iien  T^isy.  var;  tr^  frcm  2Ijcoo  to  27^000::/-" 
can  be  seen  at  a  glance  thdt  the  o:unt  fr:d  the  milk  of  Sig-na  was  norr^" 
higher  trtin  that  tp?m  Cn^h'en  r>a!sy.  ini  that  the  milk  from  the  form' 
Qsaallj  varied  in  cell  coctenX  f  nxn  alxKi:  40^000  U>  about  150^000. 
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Lady  Benton  usually  gave  a  very  high  count.  The  number  of  cells 
varied  from  107,000  to  1,063,000.  The  count  rarely  fell  much  below 
300,000,  and  was  usually  much  higher. 

Table  7  —  Showing  Cell  Content  of  Milk  of  Three  Cows,  at  Weekly  Inter- 
vals FOR  Several  Months. 


Evening  Sample 

Morning  Sample 

NAME  OF 

COW 

Date 

Number  of 
cells  per  cc. 

Per- 
centage 
of  fat 

Date 

Number  of 
cells  per  cc. 

Per- 
centage 
of  fat 

. 

10/18/08 

18,000 

4.8 

10/19/08 

13,000 

4.6 

10/26/08 

4,000 

6.9 

10/27/08 

6,000 

5 

4 

11/  5/08 

49,000 

6.5 

11/  4/08 

20,000 

6 

I 

11/10/08 

43.000 

5-4 

11/11/08 

33.000 

6 

4 

I I /I 7/08 

33»ooo 

6.4 

45.000 

5 

5 

11/22/08 

50,000 

5-9 

n/23/08 

38,000 

5 

5 

12/  3/08 

66,000 

12/  4/08 

74fOOO 

12/  5/08 

77,000 

'    "6.6 

12/  6/08 

85,000 

5 

3 

12/  7/08 

99,000 

6.2 

12/  8/08 

79.000 

4 

9 

12/29/08 

91,000 

50 

12/30/08 

48,000 

7 

Golden  Daisy 

1/19/09 

72,000 

5.8 

1/20/09 

76,000 

6 

3 

1/26/09 

44,000 

6.2 

1/27/09 

27,000 

6 

0 

2/11/09 

*972,ooo 

9.5 

2/12/09 

*i ,004,000 

10 

0 

2/16/09 

♦148,000 

10.2 

2/17/09 

♦481,000 

10 

5 

3/  4/09 

54,000 

5-5 

3/  5/09 

52,000 

5 

8 

3/10/09 

40,000 

6.3 

3/1 1/09 

60,000 

6 

4 

3/17/09 

49,000 

6.4 

3/18/09 

48,000 

5 

9 

3/24/09 

58,000 

6.2 

3/25/09 

99,000 

10 

0 

4/  1/09 

56,000 

6.3 

4/  2/09 

20,000 

6 

5 

4/  5/09 

32,000 

6.4 

4  ^  r.  'r>9 

33.000 

5 

6 

4/14/09 

28,000 

61 

4    1=^    '39 

64,000 

8 

4 

4/19/09 

50.000 

6.8. 

i   -^-.^59 

20,000 

5 

I 

10/13/08 

21,000 

3-9 

10/ I 4/08 

21,500 

3 

6 

10/21/08 

236,500 

4.1 

10/22 /oR 

84,000 

3 

5 

10/28/08 

204,000 

3-9 

I-/-V/^^ 

231,500 

3 

6 

11/  2/08 

114,000 

4-2 

11/  3/08 

266,000 

3 

8 

11/10/08 

154.000 

3.4 

Il/l T    '     " 

666,000 

3 

5 

11/17/08 

91,000 

3-4 

11 /l-  '-r- 

118,000 

3 

5 

11/22/08 

77,000 

3.6 

II        /2.;,                    ^■'^■-^■ 

59.000 

3 

5 

12/  7/08 

225,000 

4.0 

12/  .s  o.-^ 

120,000 

3 

7 

12/20/08 

84,000 

2.8 

12/21    oH 

93,000 

2 

8 

12/27/08 

125,000 

4.0 

12/20, uo 

110,000 

3 

7 

Sigma 

I / 19/09 

96,000 

3.8 

1/20/09 

28,000 

3 

3 

1/26/09 

68,000 

3.4 

1/27/09 

57.000 

3 

3 

2/11/09 

272,000 

3  9 

2/12/09 

180,000 

4 

0 

2/16/09 

48,000 

3.9 

2/17/09 

37.000 

4 

3 

3/  4/09 

39,000 

3.6 

3/  5/09 

21,000 

3 

6 

3/10/09 

80,000 

3-9 

3/1 1/09 

56,000 

4 

2 

3/17/09 

109,000 

4.1 

3/18/09 

84,000 

4 

2 

3/24/09 

71,000 

4.0 

3/25/09 

49.000 

3 

8 

4/  1/09 

102  000 

4.0 

4/  2/09 

64,000 

3 

8 

4/  5/09 

184,000 

3  7 

4/6/09 

119,000 

4 

:i 

4/14/09 

156,000 

4.0 

4/15/09 

88,000 

3 

k 

4/19/09 

69,000 

4.1 

4/20/09 

59.000 

3 

.8 

*C0W  WM 

ill  of  indigei 

itson. 
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Table  7  —  Concluded 


Evening  Sample 

Morning  Sample 

NAME  OF 
COW 

Date 

Number  of 
cells  per  cc 

Per- 

centage 
of  fat 

Date 

Number  of 
cells  per  cc. 

Per- 

centage 
of  U 

/ 

10/14/08 

870,000 

4-4 

10/15/08 

833.000 

4-3 

10/22/08 

107,000 

4 

I 

10/23/08 

835  000 

40 

10/27/08 

830,000 

4 

0 

10/28/08 

743,000 

4-2 

11/  5/08 

1,063,000 

4 

6 

11/  6/08 

509,000 

40 

11/11/08 

851,000 

4 

I 

11/12/08 

470,000 

44 

11/16/08 

831,000 

3 

8 

11/17/08 

704.000 

4.0 

11/22/08 

360,000 

3 

,s 

11/23/08 

671,000 

3^ 

Lady  Benton 

12/  3/08 

140,000 

4 

I 

12/  4/08 

226,000 

44 

12/  7/08 

344.000 

4 

0 

12/  8/08 

324,000 

44 

12/22/08 

147,000 

3 

7 

12/23/08 

.340,000 

4,0 

12/28/08 

327 » 000 

4 

0 

12/29/08 

296,000 

46 

1/19/09 

294,000 

3 

7 

1/20/09 

176,000 

3-b 

1/26/09 

434.000 

3 

7 

1/27/09 

369.000 

43 

2/11/09 

316,000 

3 

8 

2/12/09 

518.000 

4-J 

2/16/09 

382,000 

4 

0 

2/17/09 

381,000 

4.6 

The  counts  from  these  three  cows  present  a  wide  variation,  for  which 
we  cannot  account.  It  seems  certain  that  it  is  not  due  to  breed.  Another 
Shorthorn  cow  gave  a  count  of  18,000  cells  per  cc.  It  was  our  general 
experience  that  the  individual  count  varied  without  regard  to  breed. 

It  will  be  noticed  that  during  the  weeks  of  Feb.  1 1  and  Feb.  16,  when 
Golden  Daisy  was  ill  of  indigestion,  the  cell  content  was  abnormallv 
high.  The  amount  of  milk  given  was  very  low,  being  25.5  pounds  during 
the  week  of  Feb.  11,  and  17.6  pounds  during  the  week  of  Feb.  16.  The 
high  cell  content  may  perhaps  be  accounted  for  on  the  grounds  of  inflam- 
mation in  the  udder. 

RELATION   BETWEEN  FAT  CONTENT  AND  CELL  CONTENT  OF  MILK 

It  was  suggested  that  cows  giving  milk  with  a  high  percentage  of  fat 
might  yield  milk  of  a  higher  cell  content  than  those  giving  milk  with  :i 
low  percentage  of  fat.  While  the  physiology  of  milk  production  is  not 
fully  understood,  it  is  known  that  the  cells  of  the  acini  in  the  udder  are 
rapidly  disintegrated  during  milk  secretion ;  it  therefore  appeared  reason- 
able that  the  more  fat  in  milk  the  greater  the  number  of  cells  there 
would  be. 
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An  examination  of  Table  8  will  show  that  this  theory  did  not  hold  good 
in  the  case  of  the  three  cows  recorded.  The  average  percentage  of  fat 
found  in  the  evening  milk  of  Golden  Daisy  was  6.05,  and  the  average  cell 
content  of  the  milk  per  cc.  was  82,214.2.  The  average  percentage  of 
fat  found  in  the  evening  milk  of  Sigma  was  3.7,  and  the  average  cell  con- 
tent of  the  milk  per  cc.  was  118,681.8.  The  milk  from  Sigma  averaged 
2.35  per  cent  less  fat  than  did  the  milk  from  Golden  Daisy,  yet  the  milk 
from  Sigma  contained  36,467.6  more  cells  than  the  milk  from  Golden 
Daisy.  It  can  also  be  seen  in  Table  8  that  the  milk  from  Lady  Penton 
contained  less  fat  than  that  from  Golden  Daisy,  yet  the  milk  of  the  former 
had  a  higher  cell  content  than  that  of  the  latter. 

On  the  other  hand,  Table  8  also  indicates  that  a  low  percentage  of  fat 
does  not  necessarily  indicate;  a  high  cell  content.  Sigma  gave  milk  lower 
in  fat  than  did  Lady  Benton,  and  yet  her  milk  had  a  lower  cell  content. 


Table  8  —  Showing  the  Average  Cell  Content  and  Average  Fat  Content  of 
THE  Three  Cows  During  the  Period  the  Milk  was  Counted 


NAME  OF  COW 


Evening  Sample 


Average  cell 

content 

per  cc. 

for  entire 

period 


Average 

percentage 

fat  entire 

period 


Morning  Sample 


Average  cell 

content 

per  cc. 

for  entire 

period 


Average 

percentage 

fat  entire 

period 


Golden  Daisy 

Sigma 

Lady  Benton . 


82,214.2 
118,681.8 
693,266.6 


6.05 
3.70 
3-97 


63,500.0 
119,340.9 
495,266.6 


5.52 
3  80 
4.18 


Table  9  gives  further  proof  that  cell  content  is  not  influenced  by  per- 
centage of  fat.  In  case  of  each  of  the  three  cows,  those  tests  which  were 
above  the  average  percentage  of  fat  were  themselves  averaged.  Then 
the  cell  counts  corresponding  to  the  percentages  of  fat  above  the  average 
were  averaged.  The  results  in  this  table  give  the  same  indications  as  those 
in  Table  8,  namely,  that  the  cell  content  in  milk  is  not  influenced  by  the 
percentage  of  fat.  By  comparing  Tables  8  and  9  it  can  be  seen  that  only 
once  in  the  case  of  the  evening  milk  from  Sigma  was  there  any  increase  in 
cell  content.    This  increase  was  so  small  that  it  had  no  significance. 

It  is  possible,  however,  that  the  percentage  of  fat  present  in  the  milk 
and  the  number  of  separate  globules  which  go  to  make  up  that  percentage 
have  no  definite  relation.    It  is  well  known  that  the  fat  globukts  in  milk 
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from  different  breeds  of  cows  vary  in  size.  It  is  reasonable  to  suppose, 
therefore,  that  even  though  the  percentage  of  fat  in  milk  were  low,  the 
number  of  fat  globules  might  be  large  and  in  consequence  the  cell  con- 
tent might  be  high. 

Table  9  —  Showing  Average  Number  of  Cells  Corresponding  to  Those  Pbi- 

CENTAGES    OP    FAT  WhICH  WeRE  AbOVE   THE  GENERAL  AVERAGE  PSRCENTAGB  OF 

Pat  for  TbE  Entire  Period  the  Milk  was  Counted 


NAMB  OP  COW 


Evening  Sample 


Morning  Sample 


Average  cell 

cootent 

per  cc 


Average 
percentage 

fat  of 
samples 

above 
general 
average 


Average  cell 
content 
per  cc. 


Avera^ 

percentage 

fat  of 

samples 

above 

general 

average 


Golden  Daisy 

Sigma 

L»iy  Boiton. 


46.769.2 
128,566.6 
545.666-6 


6.40 
3  90 
4.10 


48.333  3 
95,300.0 

462,444  4 


6.59 
4.20 

4-37 


RELATION  OF  NUMBER  OF  CELLS  TO  QUANTITY  OF  MILK  PRODUCED 

It  has  been  pointed  out  already  that  under  normal  conditions  the  cell 
content  of  milk  per  cc.  from  an  individual  cow  is  fairly  constant  (Table 
7.)  By  comparing  the  ceU  count  of  the  milk  with  the  number  of  poundi 
given,  we  are  led  to  conclude  that  the  total  number  of  ceUs  decreases  as 
the  quantit}'  of  milk  decreases. 

During  the  week  of  Oct  18,  1908,  Golden  Daisy  gave  195.6  pounds  of 
milk ;  during  the  week  of  April  19,  1909,  she  gave  83.7  pounds  of  milt 
During  the  wedc  of  Oct.  13,  1908,  Sigma  gave  263.8  pounds  of  milk.  anJ 
during  the  week  of  April  19.  1909,  203.6  pounds  of  millc  During  tbc 
week  of  Oct.  14, 1908,  Lady  Benton  gave  156.9  pounds  of  milk,  and  durii^ 
the  week  of  Feb.  16,  1909,  she  gave  only  21.6  pounds  of  milk.  In  each 
case  10  cc.  of  the  milk  iR"as  examined,  and  yet  we  found  that  the  number 
of  cells  per  cc  obtained  at  the  last  count  was  neither  abnormally  higii 
nor  abnormally  k>w.  Unless  the  number  of  cells  decreased  as  the  nrift 
decreased,  we  would  get  an  abnormally  high  number  of  cdls  in  die  last 
oomt 


Digitized  by  VjOOQIC 


The  Cell  Content  of  Milk 


791 


COMPARISON  OF  MORNING  AND  EVENING  MILK 

In  studying  Table  8  it  may  be  seen  that  the  evening  milk,  in  the  case  of 
Golden  Daisy  and  Lady  Benton,  had  a  higher  average  cell  content  than 
did  the  morning  milk.  Averaging  the  evening  samples  of  the  three  cows 
gives  a  cell  count  of  298,054 ;  averaging  the  morning  samples  of  the  three 
gives  a  cell  count  of  226,053.  This  makes  an  increase  in  cell  content  of 
72,001  per  cc.  in  favor  of  the  evening  sample. 

In  Table  10  is  given  the  count  of  the  morning  and  the  night  milk  from 
nine  different  cows.  In  five  cases  out  of  the  nine,  the  evening  count  was 
higher  than  the  morning  count.  The  average  cell  content  of  the  night 
milk  of  the  nine  cows  was  435,777.7.  The  average  cell  content  of  the 
morning  milk  of  tlie  nine  cows  was  342,333.3.  This  gives  a  cell  content 
of  93444  in  favor  of  the  night  milk.  These  figures  do  not  prove  conclu- 
sively that  night  milk  contains  a  higher  cell  content  than  does  morning 
milk,  but  the  indications  are  that  such  is  the  case. ' 

Tablb  10  —  A  Comparison  of  the  Cell  Content  of  the  Night  and  the  Morning 

Milk  of  the  Same  Cow 


NUMBER  OF  SAMPLE 

Number  of 

cxjUs  per  cc. 

in  night 

milk 

Number  of 

cells  per  cc. 

in  morning 

mUk 

I            

908,000 

29,000 

1,080,000 

980,000 

7,000 

55. 000 

18,000 

225,000 

620,000 

941.000 

39.000 

744,000 

600,000 

* # 

2 

1                ... 

A                       k 

C 

9,000 
47.000 
25,000 

Ivvv: ::::;::;:::;:::::::::::: 

7 

8 

184,000 

0 

492 , 000 

Average 

435.777.7 

342,333.3 
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COMPARISON  OF  COLOSTRUM  AND  NORMAL  MILK 

In  Table  1 1  is  given  a  comparison  of  the  cell  content  of  colostrum  with 
the  cell  content  of  milk  from  the  same  cow  later  in  the  lactation  period. 
The  table  needs  no  special  explanation.  It  will  be  seen  that  the  cell  con- 
tent of  colostrum  was  always  higher  than  was  the  normal  milk  later  in 
the  lactation  period.  This  is  what  would  naturally  be  expected  because  of 
the  sudden  activity  ofsthe  udder  after  a  period  of  inactivity.  Apparently 
most  of  the  cells  present  in  colostrum  are  broken-down  epithelial  cells. 

Table  i  i  —  Showing  a  Comparison  of  the  Cell  Content  of  Colostrum 
With  That  of  Normal  Milk 


SAMPLE  NUMBER 

Colostrum 
cells  per  cc. 

Number  of 
milking 

Normal  milk 
cells  per  cc 

I 

713.500 
3.935.000 
332,000 
500,000 
553.000 
332,000 

8th 

7th 

3rd 

6th 

5th 

2ISt 

18,000 

2 

13.000 
20,000 

1 

A 

58.000 
49.000 
20,000 

s 

6 

EFFECT   OF   AN    INJURED   QUARTER   OF  THE   UDDER 

In  the  midst  of  our  investigations  of  this  subject,  one  of  the  cows  in 
the  herd  suddenly  began  to  give  milk  that  was  decidedly  abnormal.  An 
examination  showed  that  one  quarter  of  the  udder  was  affected.  There- 
after the  milk  from  this  quarter  was  drawn  in  a  vessel  separate  from  the 
milk  of  the  other  three  quarters.  A  cell  count  was  made  of  the  ♦wo 
samples  with  the  following  results: 

Infected  quarter  62,400,000  cells  per  tc. 

Three  sound  quarters  407,000  cells  per  cc. 

These  two  counts  are  interesting  because  they  show  that  one  quaner 
may  be  seriously  affected  without  similarly  affecting  the  other  three 
quarters. 

LEUCOCYTE  STANDARDS 

There  has  been  much  recent  discussion  regarding  the  establishment  of  a 
standard  for  the  cell  content  of  milk,  called  a  leucocyte  standard.  It  has 
been  pointed  out  that  in  many  cases  it  is  almost  impossible  to  distinguish 
between  leucocytes  and  other  cells.  Some  investigators  have  suggested 
that  the  maximum  number  of  cells  allowed  should  be  100,000  per  cc. 
From  the  results  obtained  in  this  investigation,  it  would  seem  unwise  to 
set  any  standards  for  the  cell  content  of  milk  until  we  have  more  definite 
information  as  to  causes  and  effects.  If  the  standard  of  100,000  cells  per 
cc.  were  enforced,  the  milk  from  two  of  the  thre^cpws  }|g^wpsidere<i 
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would  have  to  be  rejected ;  yet  these  animals  were,  so  far  as  we  were  able 
to  learn,  perfectly  normal  and  healthy.  It  has  been  shown  that  the  total 
iinniber  of  cells  seems  to  decrease  as  the  quantity  of  the  milk  decreases. 
This  would  indicate  that  the  formation  of  cells,  of  leucocytes,  whichever 
they  may  be,  is  a  normal  function  of  milk  production. 

SUMMARY 

(i)  With  a  centrifuge  13  inches  in  diameter,  a  speed  of  at  least  1800 
revolutions  per  minute  is  required.  This  speed  is  necessary  not  only  to 
throw  down  cells  but  to  remove  fat  globules. 

(2)  Working  with  unstained  material  is  hard  on  the  eyes.    We  obtained 
.  best  results  with  a  stain  made  by  mixing  15  drops  of  a  saturated  gentian 

violet  solution  with  100  cc.  of  a  .6  per  cent  solution  of  soflium  chlorid. 

(3)  The  relation  between  the  number  of  cells  present  an''  the  amount, 
of  sediment  is  not  definite. 

(4)  In  a  count  of  100  samples,  a  variation  of  9.30  per  cent  was  ob- 
tained when  a  quarter  of  the  field  was  counted,  and  a  variation  of  6.98  per 
cent  when  one  half  of  the  field  was  counted.     (Table  i.) 

(5)  An  average  variation  in  cell  content  of  12.32  per  cent  was  obtained 
in  the  same  sample  of  milk.     (Table  2.) 

(6)  It  is  necessary  to  heat  the  milk  to  100°  F.  to  120'*  F.  before  centrif- 
ugalizing  in  order  to  remove  all  of  the  cells.  The  milk  should  not  be 
heated  high  enough  to  precipitate  the  albumen.     (Table  3.) 

(7)  The  cell  content  of  milk  from  50  different  cows  varied  from  4,000 
to  3,576,000  per  cc.  All  of  the  cows  appeared  healthy  and  normal. 
(Table  4.) 

(8)  Strippings  have  a  higher  cell  content  than  either  fore  milk  or 
middle  milk.    Fore  milk  usually  has  the  least  number  of  cells.    (Table  5.) 

(9)  Manipulating  the  udder  increased  the  cell  content  of  milk  only 
when  the  manipulation  was  sufficiently  vigorous.     (Table  6.) 

(10)  The  number  of  cells  per  cc.  of  the  milk  of  individual  cows  varies 
mostly  within  certain  limits.     (Table  7.) 

(11)  Relation  between  number  of  cells  and  percentage  of  fat  is  not 
constant  nor  definite.     (Tables  8  and  9.) 

(12)  The  number  of  cells  decreases  relatively  as  the  amount  of  milk 
decreases. 

(13)  The  results  obtained  indicated  that  evening  milk  has  a  slightly 
higher  cell  content  than  morning  milk.     (Table  10.) 

(14)  Colostrum  has  a  higher  cell  content  than  has  normal  milk. 
(Table  II.) 

(15)  Enough  information  concerning  the  real  significance  of  leucocytes 
in  milk  is  not  available  to  warrant  the  establishment  of  so-called  "  leu- 
cocyte standards."  ^-^..^^^  ,y  GoOglc 
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Fig.    I. — An   aduU 
elm  leaf-beetle. 


THE     ELM     LEAP-BEETLE 

Glenn  W.  Herrick 

About  1834  there  was  introduced  into  the  city  of 
Baltimore,  from  somewhere  in  Europe,  a  small  in- 
conspicuous beetle  whose  food  plant  at  home  had 
been  the  European  elms.  It  attracted  no  particular 
attention  until  about  four  years  later,  when  it  came 
into  prominence  as  a  serious  enemy  of  the  elms  in 
this  Maryland  city.  Since  that  time  it  has  gradually 
extended  its  territory  until  now  it  is  found  as  far 
north  as  Massachusetts  and  New  York  and  westward 
to  Ohio  and  Kentucky.  In 
New  York  State  it  is  destruc- 
tive in  the  eastern  and  cen- 
tral sections,  and  very  likely 

will    gradually    extend    its   activity    until    it 

covers  the  greater  part  of  the  State. 

THE   APPEARANCE   OP  THE   BEETLE,   AND  ITS 
'     WORK 

The  insect  is  about  one-fourth  of  an  inch  long. 
In  general,  it  is  yellowish  or  brownish  yellow 
in  color,  with  a  dark  line  along  each  side  of 
its  back  (Fig.  i).  Its  color  varies  somewhat, 
and  the  over-wintering  beetles  are  often  so 
dark  colored  that  the  brownish  yellow  almost 
disappears  and  the  black  lines  are  hardly 
noticeable.  In  its  normal  coloring  it  is  quite 
likely  to  be  confused  with  the  common  striped 
cucumber  beetle,  although  it  is  considerably 
larger. 

[795! 


Pig.  2. — Adult  beetles  eating 
leaf  tn  the  spring. 
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When  the  beetle  first  awakens  in  the  spring  from  its  long  winter 
sleep,  it  flies  to  the  elm  trees  just  bursting  into  leaf  and  takes  its  first 
me^by  eating  small,  irregular  holes  through  the  young,  tender  leaves 
(Fig.  2).  After  feeding  a  few  days,  the  orange-colored  eggs  are  depos- 
ited on  the  leaves  and  these  in  a  few  days  more  hatch  into  the  tiny 
black  and  yellow  grubs  (Fig.  3).  These  grubs  are  the  chief  culprits. 
They  work  on  both  surfaces  of  the  leaves,  although  mostly  on  the  under 
sides,  and  eat  so  ravenously  that  in  a  few  weeks  nothing  remains  of  the 
leaves  except  a  bare  network  of  veins.  The  effect  on  the  leaves  is  serious, 
for  they  turn  brown,  curl,  and  finally  fall  from  the  trees.  If  the  trees 
are  vigorous  enough  and  the  season  is  propitious,  a  second  crop  of 
leaves  is  put  out,  but  these  may  meet  the  same  fate  as  the  first. 


Fio.  3,^Yaung  grubs  eating  leaf, 
EXTENT  OP   ITS   INJURIES 

It  was  estimated  that  in  1898  1,000  fine  elms  were  killed  in  the  city 
of  Albany  and  that  in  Troy  the  conditions  were  even  worse.  Similar 
conditions  obtained  in  dozens  of  other  towns  in  the  Hudson  Valley 
and  along  the  Mohawk  River.  The  writer  has  been  told  that  a  majority 
of  the  magnificent  elms  in  Harvard  Yard  have  been  destroyed  within 
the  last  two  or  three  years  by  the  attacks  of  these  small  pests.  There 
is  danger  that  through  inaction  and  apathy  the  splendid  elms  of  our 
own  City  and  Campus  will  suffer  a  like  fate.  Some  of  them  are  now 
probably  past  any  effort  to  save  them. 
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Fig  .4. — Eggs  natural  size,  and  muck  enlarged. 


Undoubtedly  the  elm  leaf- 
beetle  must  be  regarded  as  the 
most  serious  pest  to  shade- 
t-rees  in  this  State.  It  prob- 
ably destroys  more  shade-trees, 
certainly  more  elm  trees,  than 
all  other  insect  pests  com- 
bined. 

story  op  its  life 

In  the  fall  of  the  year  many 
of    the  full-grown  beetles,   in 
searching  for  snug  crannies  in 
-which  to  pass  the  winter,  find 
their  way  into  dwelling  houses,  congregating   especially  in  the  attics 
where  they  may  often  be  found  by  the  score.  Housekeepers  are  some- 
times alarmed  when  they  see  so  many  of  these  beetles  crawling  on  the 
window  panes,  walls,   and  ceilings  of  the  rooms,  likely  thinking  that 
here  is  another   household   pest.      Fortunately,    so   far   as   the   writer 
knows,  these  insects  do  not  injure  household  articles  of  any  descrip- 
tion.    Other  individuals  hide  away  under  loose  pieces  of  bark  on  trees, 
in  cracks  in  fences  and  telegraph  poles,   in  outhouses,   sheds,   and  in 
any  C'ther  sheltered  places  they  are  able  to  find.     Here  they  remain  in 
a  quiet,  inactive  condition  through  the  long  winter  months.     With  the 

warm  days  of  spring,  the  bee- 
tles awake  and  begin  crawling 
about  on  the  walks  and  on  the 
window  panes. 

As  soon  as  the  leaves  begin 
to  appear,  the  insects  fly  to  the 
trees  for  their  first  spring  meal. 
After  feeding  for  some  time 
they  deposit  their  conspicuous 
orange-colored  eggs  (Fig.  4)  in 
clusters  of  five  to  twenty-five 
on  the  undersides  of  the  leaves. 
Each  egg  is  flask-shaped  and 
stands  upright  with  its  larger 
end  attached  to  the  leaf.  The 
eggs  hatch  in  five  or  six  days 
Fig.  5.— ^''"^^  ^<^rly  grown,  during  hot  weather,  but  in  cool 
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weather  this  period  may  be  prolonged    several 
days.    The  writer  found  that  in  Ithaca,  last  year, 
the  majority  of  the  eggs  were  laid  during  the  first 
three  weeks  of  June.     By  June  20th  the  youn^ 
grubs  were  appearing  in  force.      The  grubs  eat 
ravenously,  increase  in  size  very  fast,  and  com- 
plete their  growth  in  fifteen  to  twenty  days  (Fig.  5} 
When  full  grown  they  either  crawl  down  the  trunk 
of  the  tree  or  drop  from  the  ends  of  the  branches. 
At  the  bases  of  the  trunks  many  of   the    lan^ae 
transform  to  the  yellow  pupae  (Fig.  6).      Some- 
times they  are  so  numerous  that  the  golden  pupss 
lie  an  inch  deep  about  the  foot  of  the  tree.     Othen 
transform  in  crevices  of  the  bark,  especially  if  the 
trunk  is  rough,  others  go  to  the  gutters,  while  others  seek   shelter  in 
crevices  of  the  sidewalk  and  wherever  they  can  find  hiding  places.     The 
quiet,  inactive  pupae  lie  motionless  for  six  to  ten  days  and  then  trans- 
form to  the  adult  beetles,  thus  completing  the  life  rotind  of  one  genera- 
tion.    Our  observations  show  that  in  Ithaca  we  have  one  generation, 
with  a  possible  second,  the  latter,  however,  being  so  small  as  to  cause 
no  serious  damage. 

METHODS  OP  CONTROL 

The  elm  leaf-beetle  can  be  controlled  effectively  only  by  spra3ring 
the  trees  with  an  arsenical  poison,  preferably  arsenate  of  lead,  at  the 
rate  of  three  or  four  poimds  to  fifty  gallons  of  water.     (See  Fig.  7  for 


Fig.  t,~^Pupa  of  the  elm 
leaf-Beetle. 


'^^. 

.  ^1Sf>>-\'-tju^ 

.<.%:4i 

Fig.  7. — Sprayed  elm  at  right,  unsprayed  at  left. 
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sprayed  and  tinsprayed  trees.)  In 
order  to  be  most  effective,  two  spray- 
ing^s  each  year  should  be  given, 
especially  during  the  first  season.  If 
the  Tvork  is  well  done  the  trees  may 
not  need  another  application  for  a 
year  or  two. 

The  first  spraying  should  be  made 
-while  the  leaves  are  unfolding  and 
expanding,  to  kill  as  many  of  the 
adult  beetles  as  possible  before  they 
commit  injury  or  lay  their  eggs.  The 
second  spraying  should  be  made  about 
t  he  second  week  in  June  in  this  locality, 
to  kill  the  young  grubs  as  soon  as 
they  begin  to  feed.  Since  they  feed 
mainly  on  the  lower  surfaces  of  the 


Fig.  8. — Hand-spraying  outfit. 


leaves  the  poison  mixture  should  be 

applied  as  much  as  possible  to  the  undersides  of  the  leaves. 


SPRAYING  APPARATUS 

Low  and  medium-sized  trees  can  be  sprayed  very  well  with  certain 
hand-Spraying  outfits,  like  the  one  in  Fig.  8.  A  high  step-ladder  with 
an  extension  rod  to  which  the  nozzle  may  be  attached  will  facilitate 
the  work  greatly.  A  nozzle  capable  of  throwing  a  fine  or  coarse  spray 
will  probably  be  best. 

Foi  large  trees  a  power  spraying  outfit  will  be  necessary.  There 
are  several  makes  of  gasoline  power  sprayers  on  the  market  that  can 
be  bought  for  $250.00  to  $300.00  (Fig.  9). 

COST  OF   SPRAYING 

Available  data  on  this  subject 
show  that  it  costs  twenty-five  to 
sixty  cents  for  a  single  applica- 
tion to  a  large  tree  if  the  work 
is  done  privately.  If  the  work  is 
performed  on  a  large  scale  by  a 
contractor  it  can  be  done  more 
cheaply.  If  one  can  contract  to 
have  his  trees  sprayed  twice  in 
Pig.  9. — Power-spraying  outfit.  one  season  for  fifty  cents  a  tree, 
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for  large  trees,  it  would  seem  to  be  a  reasonable  price.    If  the  trees  are 
small,  they  should  be  sprayed  for  less. 

Figures  2,3,4  and  5  are  from  photographs  by  M.  V.  Slingerland.       The  draw- 
ings  were  made  by  Miss  Amia  Stxyke. 
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ORANGE  HAWKWEED  OR  PAINT^  BIJUSH 
PAUL  J.  ,WHITE 

Paint  brush  has  come  to  stay.  It  is  not  native  to  New  York  State 
but  has  been  introduced  from  Europe.  It  has  been  reported  by  farmers 
in  at  least  three- fourths  of  the  counties  in  the  State. 

This  weed  was  first  noticed  in  this  State  about  twenty-five  years 
ago.  It  doubtless  escaped  from  cultivation,  as  it  has  often  been  used 
for  ornamental  purposes.  Its  spread  throughout  the  State  has  been 
exceedingly  rapid,  and  in  sections  where  it  was  but  little  known  only  a 
few  years  ago  it  now  covers  large  fields. 

THE  PLANT 

Orange  hawkweed  or  paint  brush  is  a  perennial  plant,  that  is,  it 
belongs  to  that  class  of  plants  which  live  for  more  than*  two  years.  It 
has  a  very  shallow  root  system.  It  has  two  methods  of  reproduction  — 
by  seeds  and  by  runners.  The  runners  aire  very  similar  to  those  of  the 
strawberry  plant,  and  in  a  very  short  time  this  weed  will  spread  over 
large  areas  by  means  of  the  runners  alone.  The.  seeds,  which /are  borne 
in  great  numbers,  resemble  the  seeds  of  the  thistle  and  the  dandelion,  and 
are  blown  aboiit  by  the  wind  in  tKe  same  manner.         *         " 

This  plant  will  thrive  in  all  kinds  of  soils.  We  hiave  seen  it  growing 
in  sterile  sands  as  well  as  in  the  richest  loams.  It  seems  to  thrive  best 
in  rather  light  soils  of  old  pastures  and  meadows.  A  rather  acid  condi- 
tion of  the  soil  seems  to  be  most  favorable.  Whether  the  plant  .prefers 
this  condition  or  whether  it  finds' less  competition  here  from  other  plants 
is  not  known.  It  is  often  spoken  of  as  "a  great  plant  to  run  out  the 
grass."  Perhaps  it  would  be  more  correct  to  say  that  it  occupies  the 
land  as  soon  as  the  soil  becomes  too  poor  to  produce  large  yields  of  grass. 
It  is  seldom  noticed  in  land  which  is  in  condition  to  grow  good  timothy 
hay,  nor  does  it  give  any  serious  trouble  in  rich  pasture  lands. 
26  [Soi] 
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Fig.  10. —  Orange  hawkweed  or  paint  brush.     The  new  plant  at  the  left  is  pnd»cf: 
after  the  manner  of  a  young  strawberry  plant 
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Although  there  is  no  probability  of  ever  getting  entirely  rid  of  the 
weed  there  are  some  methods  of  control  which  are  more  or  less  successful. 

METHODS  OF  CONTROL 

Salting.  This  method  of  destruction  is  often  recommended.  Three 
thousand  pounds  of  salt  per  acre  is  required  to  kill  the  paint  brush. 
The  salt  is  said  to  destroy  the  weed  without  damaging  the  grass.  This 
method  may  be  advisable  for  very  small  areas  but  it  will  never  be  prac- 
ticable for  large  areas,  as  it  is  too  costly.  Under  some  conditions  the 
salt  would  cost  as  much  as  the  land  is  worth.  Moreover,  the  weed  would 
spring  up  again  in.  the  same  place  in  a  few  years  and  the  operation  would 
have  to  be  repeated. 

Hoeing  or  digging.  In  small  areas  the  plants  may  be  Wiled  by  hoeing. 
If  this  is  done  just  as  the  plants  are  blossoming  or  before  they  begin  to 
blossom,  they  will  not  reappear  in  that  place  again  for  some  time.  The 
seeds  should  not  be  allowed  to  ripen. 

Cultivation.  This  is  the  most  satisfactory  method  of  controlling 
paint  brush  if  the  land  can  be  plowed.  An  application  of  barnyard 
manure  should  be  made  to  the  field  and  the  land  plowed  for  corn,  po- 
tatoes, or  some  other  cultivated  crop.  One  or  two  years'  cultivation 
will  destroy  all  the  weeds.  If  the  field  is  a  pasture,  it  may  then  be 
reseeded  with  grass  sown  in  oats,  wheat  or  rye,  using  the  following  seeds : 

Timothy,  eight  pounds. 
Kentucky  blue-grass,  four  pounds. 
Red-top,  four  pounds. 
Red  clover,  six  pounds. 
Alsike  clover,  three  pounds. 
White  clover,  one  to  two  pounds. 

One  or  two  crops  of  hay  might  be  cut  from  the  field  before  it  is 
used  for  a  pasture  again.  If  the  pasture  can  be  top-dressed  lightly  every 
four  or  five  years  after  reseeding  there  will  be  little  difficulty  experienced 
from  the  paint  brush. 

There  are  some  situations,  such  as  sandy  soils,  that  do  not  hold  grass 
well.  These  soils  are  very  likely  to  become  overrun  with  this  weed  in 
a  short  time-  In  such  cases  it  seems  practicable  to  pasture  the  field  only 
two  or  three  years  and  then  replow  it  for  corn  or  potatoes,  and  then 
seed  again. 

Manuring.  Large  areas  of  unplowable  land  are  infested  with  paint 
brush.     Farmers  in  various  parts  of  the  State  have  r[5jPge^^dC§t^t^lc 
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under  such  conditions  by  the  use  of  stable  manure.  This  will  not  kill 
the  weed  but  it  will  so  invigorate  the  grasses  and  clovers  that  the  paint 
brush  will  have  small  chance  to  grow.  In  case  manure  is  not  available, 
an  application  of  high-grade  fertilizer  would  doubtless  be  the  next  best 
thing. 

If  the  pasture  is  manured  or  fertilized  as  above  suggested,  it  should 
also  receive  grass  and  clover  seeds  at  the  same  time.  One-third  to  one- 
half  the  amount  suggested  for  land  which  is  plowed,  should  be  sufficient 
under  ordinary  conditions.  The  seeds  are  best  sown  in  the  fall  or  ven 
early  spring.  If  the  soil  can  be  stirred  by  means  of  a  drag,  success  will 
be  more  certain. 
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CORNELL  UNIVERSITY 

AGRICULTURAL   EXPERIMENT   STATION    OF 

THE  COLLEGE  OF  AGRICULTURE 

Department  of  Dairy  Industry 

PROPAGATION   OF   STARTER  FOR  BUTTER-MAKING  AND 

CHEESE-MAKING 

E.  S.  GUTHRIE 

A  starter  is  a  material  containing  desirable  bacteria  for  the  ripening 
or  souring  of  dairy  products.  This  material  in  the  commercial 
culture  ^  may  be  a  preparation  of  meat  broth,  milk,  or  other  substances. 
It  may  be  propagated  by  the  dairyman  or  creameryman  in  skimmed  milk 
or  whole  milk  and,  in  unusual  cases,  in  other  media. 

Ii>  this  leaflet  the  writer  wishes  to  give  briefly  the  several  steps  in- 
volved in  the  propagation  of  starter  for  butter-making  and  cheese-mak- 
ing. The  method  presented  may  be  varied  in  places  and  still  good  results 
be  secured.  But  a  beginner  should  not  experiment  until  he  fully  under- 
stands the  principles  involved  in  the  propagation  of  starter. 

STEPS  IN   PROPAGATION 

I.  Take  three  one-quart  milk  bottles  or  fruit  jars.^  Glass  is  preferable 
as  it  allows  the  operator  to  see  when  all  of  the  dirt  has  been  removed, 
and  the  condition  of  the  curd  can  easily  be  inspected  through  the  trans- 
parent wall.  Three  bottles  should  be  employed,  for  in  heating  glass  is 
likely  to  break ;  and  it  is  always  well  to  have  a  sufficient  number  of  con- 
tainers from  which  to  choose. 

2.  Use  fresh,  clean  milk,  which  must  have  a  nice  flavor.  It  may  be 
either  whole  milk  or  skimmed  milk.  Usually  it  is  advisable  to  use  wfiole 
milk,  for  it  is  easier  to  choose  desirable  samples  before  milk  has  passed 
through  the  separator  than  afterward. 

3.  Fill  the  containers  one-half  to  two-thirds  full  of  milk.  If  they 
are  filled  full,  it  is  difficult  to  prevent  contamination  from  the  covers, 
which  are  hard  to  sterilize  when  the  pasteurization  is  done  in  hot  water. 

*  By  a  commercial  cuUure  the  writer  means  the  sample  that  is  obtained  directly 
from  the  manufacturer.  The  various  manufacturers  have  their  advertisements  in 
the  dairy  journals. 

^Larger  receptacles  may  be  used.    Often  two-quart  bottles  <5|^J?rs^p^i:i|jffl«dAQ]p 
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4.  Protect  the  containers  with  regular  covers  (caps  or  tops).  Hast- 
ings, of  Wisconsin,  recommends  the  use  of  glass  tumblers  for  covers. 

5.  Pasteurize  by  heating  to  i8o°-200**  F.  for  30  minutes'  or  longer, 
and  then  cool  to  ripening  temperature  of  fc^'-JS^  F.  Pasteurization 
may  be  accomplished  by  tying  a  string  about  the  necks  of  the  bottles  and 
suspending  them  in  a  pail  or  vat  heated  by  steam,  or  in  a  kettle  or  dish 
heated  on  a  stove.  (If  pasteurized  over  a  fire,  do  not  let  bottles  rest  on 
the  bottom  of  receptacle.)  Other  supports  may  be  used  to  keep  the 
containers  from  tipping  over.  The  temperature  should  be  raised  and 
reduced  slowly  to  prevent  breaking  the  glass. 

6.  After  pasteurization  the  milk  is  ready  for  inoculation.  Inoculate 
in  a  quiet  place  where  the  wind  cannot  blow  dirt  and  bacteria  into  this 
clean  seed  bed.  With  dry  fingers  remove  the  cover  and  place  it  in  a 
bacterially  clean  spot,  as  in  a  recently  scalded  dipper.  Pour  in  all  of 
the  commercial  culture,^  or  2  to  10  per  cent  from  the  previous  day's 
culture.*  Be  sure  that  the  curd  from  the  previous  day  is  well  broken. 
After  inoculation,  shake  the  freshly  inoculated  sample  to  distribute  the 
bacteria. 

7.  Incubate  at  about  60^ -7 S^  F-  The  first  inoculation  from  the 
commercial  culture  should  be  incubated  at  about  70^-85 °  F.  The  small 
inoculations  require  higher  temperatures  than  the  large  inoculations. 
By  experience  an  operator  can  soon  learn  what  inoculation  and  tem- 
perature to  use  to  ripen  his  starter  in  a  given  time.  Usually  a  65^  to  8^ 
inoculation  will  ripen  a  starter  in  twelve  hours  at  about  65®  F.  The 
temperature  must  be  fairly  constant." 

8.  The  starter  is  ripe  when  a  curd  forms.  This  curd  should  be  soft 
and  like  custard  in  appearance.     It  should  not  be  hard  and  firm. 

9.  After  the  starter  is  ripe,  hold  it  at  50®  F.  or  a  few  degrees  lower 
until  time  to  use.  For  best  results  a  starter  should  not  be  held  longer 
than  a  few  hours.     However,  it  may  be  held  two  or  three  days  and  not 


'  ftouska,  formerly  of  Iowa,  says,  "  A  temperature  of  150**  F.  kills  all  sporeless 
bacteria.  Higher  temperatures  up  to  212°  F.  do  not  kill  the  spores,  but  tiiey  arc 
so  weakened  by  the  higher  heat  that  they  germinate  more  slowly  and  their  harmful 
effect  is  retarded.  This  fact  and  the  results  of  experience  indicate  a  temperature 
of  about  185°  F.  to  200**  F.  as  best.  The  heating  and  cooling  can  be  done  in  cans 
immersed  in  water.  Stirring  hastens  the  processes,  but  is  not  necessary  when  the 
heating  surface  is  not  bolter  than  about  200°  F.  Where  the  heating  is  done  by 
steam,  stirring  is  necessary  to  prevent  scorching." 

*  The  amount  of  ripened  starter  for  inoculation  can  be  measured  accurately 
in  a  vessel,  as  a  sterilized  cup  or  spoon,  or  it  can  be  determined  rather  closcW  by 
the  eye.  Place  the  thumb  above  the  milk  line  in  the  bottle  to  be  inoculated,  in  tbi? 
way  measuring  the  amount  to  add,  and  raise  the  milk  line  to  that  mark  by  pouHinr 
in  the  ripened  starter. 

^An  incubator  should  be  insulated   as   is  a  refrigerator  or  a  tireless  cooker. 
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be  badly  over-ripened.     Do  not  shake  the  starter  before  putting  it  in 
storage. 

10.  Upon  examination  the  curd  should  be  smooth  and  compact, 
without  gas  pockets.  Gas  shows  the  presence  of  undesirable  bacteria. 
A  hard,  lumpy  curd,  whey,  and  high  acid  show  the  over-ripe  condition, 
which  is  very  undesirable.  After  the  condition  of  the  curd  is  noted, 
shake  well  to  break  it  into  a  smooth,  lumpless  condition.  Shake  with 
a  rotary  motion,  being  careful  not  to  touch  the  cap  for  fear  of  con- 
tamination. Now  smell  and  taste  it,  but  never  from  the  starter  con- 
tainer. Always  pour  some  of  the  curd  into  a  spoon  or  cup,  and  then 
replace  the  cover  immediately.  After  smelling,  it  is  best  to  put  at 
least  a  teaspoonful  into  the  mouth.  Seek  for  a  desirable,  clean,  mild, 
acid  flavor.  The  first  propagation  is  likely  to  be  somewhat  disagree- 
able because  of  the  presence  of  some  of  the  original  medium. 

GENERAL  DIRECTIONS 

In  a  creamery  or  a  large  dairy  it  is  necessary  to  carry  more  than  a 
pint  or  a  quart  of  starter.  Along  with  the  mother  starter  a  second 
starter  of  ten  to  fifty  pounds  may  be  carried.  After  the  mother  starter 
in  the  glass  container  is  inoculated,  the  remainder  of  the  previous  day's 
mother  starter  is  poured  into  the  second  starter,  and  the  cream  is 
inoculated  from  the  second  starter.  In  large  creameries,  third  and 
fourth  starters  are  carried.  Care  should  be  taken  in  pasteurization 
not  to  cook  the  milk  in  these  large  amounts.  In  the  mother  starter  this 
makes  little  diflFerence. 

It  is  necessary  to  use  a  larger  inoculation  from  starter  to  cream 
than  from  starter  to  starter,  because  the  seed  bed  is  not  so  well  pre- 
pared.   The  inoculation  of  the  cream  may  vary  from  8^  to  50^, 

Usually  it  is  necessary  to  propagate  the  mother  starter  two  or 
three  times  before  the  flavor  of  the  commercial  culture,  which  is  often 
very  disagreeable,  will  disappear. 

A  starter  may  be  carried  two  to  four  weeks  before  it  goes  "off." 
Often  it  is  carried  several  months,  and  often  less  than  two  weeks.  This 
depends  almost  altogether  on  the  carefulness  of  the  operator. 

On  the  farm  the  cream  might  be  handled  in  this  way :  Suppose  the 
dairyman  separates,  each  half  day,  ten  pounds  of  cream  testing  about 
35^  butter  fat.  On  Monday,  a  new  starter  of  about  two-thirds  of  a 
quart  is  inoculated  from  a  starter  that  has  been  held  from  Friday  or 
Saturday.  The  remainder  of  the  held-over  starter  is  put  in  the  ten 
pounds  of  cream.  The  cream  is  then  set  at  about  65®  F.  It  may  have 
to  be  set  in  a  cooler  place  before  evening.     In  the  evening,  ten  pounds 
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more  cream  are  added,  and  all  the  cream,  which  is  now  in  the  one 
vessel,  is  set  at  about  60°  F.  On  Tuesday  morning  add  the  mornings 
cream  and  set  at  60°  to  65®  F.,  as  during  the  day  it  is  more  con- 
venient to  watch  the  ripening  process  than  at  night.  In  the  evening. 
add  the  evening's  cream  and  set  at  58**  to  60°  F.,  for  by  this  tirr.e 
there  is  a  very  large  army  of  bacteria  at  work.  On  Wednesday  ir..  rn- 
ing  chum  the  forty  pounds  of  cream  and  start  the  ripening  process 
over  again  with  Wednesday's  cream. 

It  is  important  not  to  develop  too  much  acid.  TTie  amount  of  inr^cu- 
lation  and  the  temperature  must  be  managed  to  gain  a  certain  end  under 
certain  conditions. 
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HELPS  FOR  THE  DAIRY  BUTTER-MAKER 

E.  S.  GUTHRIE 

This  circular  is  intended  merely  as  a  guide  to  the  butter-maker  on 
the  farm.  It  includes  only  the  mechanical  side  of  the  manufacture  of 
butter.  The  propagation  of  starter  for  aiding  in  the  production  of  a 
better  and  a  more  uniform  flavor  is  outlined  in  a  separate  circular  from 
this  station,  entitled  "  Propagation  of  Starter  for  Butter-Making  and 
Cheese-Making."     (Circular  No.  10,  March,  1911.) 

IMPORTANT  FACTORS   IN   THE  CHURNING   QUALITY  OF   CREAM 

Temperature. —  This  is  the  most  important  factor  influencing  the 
churning  process.  The  butter-fat  globules  should  be  sufficiently  warm 
to  cohere,  but,  on  the  other  hand,  the  temperature  should  not  be  so  high 
as  to  cause  greasy  butter,  increased  loss  of  butter-fat  in  the  butter-milk, 
or  the  incorporation  of  too  much  butter-milk  in  the  butter.  In  the  hand 
churn,  with  well-ripened  cream  testing  30  to  40  per  cent  butter-fat,  the 
temperature  should  be  56°  to  62°  F.  It  should  be  lowered  after  the  ripen- 
ing process  to  the  proper  degree  for  churning  several  hours  before  it  is 
time  to  put  the  cream  into  the  churn.  The  reason  for  this  carefulness  in 
cooling  the  cream  is  that  it  requires  some  time  for  the  fat  to  recrystallize 
or  harden. 

The  butter-maker  should  regulate  the  temperature,  the  richness  of 
the  cream,  and  all  other  factors,  so  that  the  butter  will  not  have  a  broken 
grain  and  be  greasy,  but  will  be  firm  and  waxy.  He  must  remember  ihat 
the  proper  churning  temperature  is  that  at  which  the  churning  process 
will  require  30  to  45  minutes  when  all  of  the  other  factors  are  normal. 

Richness  of  cream, —  It  is  easy  to  understand  that  rich  cream,  in 
which  there  is  a  comparatively  small  amount  of  serum,  will  churn  more 
readily  than  the  cream  containing  a  greater  amount  of  serum,  which 
interferes  with  concussion  of  the  fat  globules.  For  easy  churning  the 
cream  should  contain  30  to  40  per  cent  of  butter-fat.  Thin  cream  is 
often  the  cause  of  difficult  churning.     Sometimes  it  is  necessary  to 
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churn  cream  with  a  low  percentage  of  butter-fat,  but  this  is  done  at  the 
expense  of  time  or  quality  of  the  butter,  and  often  of  both.  If  the 
cream  is  too  rich  in  butter-fat  it  will  stick  to  the  sides  of  the  chum. 
This  also  may  cause  difficult  churning. 

Ripeness  of  cream. —  Ripe  or  sour  cream  is  less  viscous  than  sweet 
cream  and  therefore  it  churns  more  easily. 

Condition  of  butter-fat. —  The  kind  of  feed  given  the  cows  has  a 
marked  effect  on  the  condition  of  the  butter-fat.  In  the  winter,  when 
the  cows  are  on  dry  feed,  usually  the  fat  is  harder  than  in  the  summer. 
The  condition  of  the  butter-fat  is  also  affected  by  the  breed  of  the  cow, 
her  individuality,  the  stage  of  her  lactation  period,  and  perhaps  a  few 
other  factors.  The  hard  fat  requires  a  few  degrees  higher  temperature 
in  churning  than  the  soft  fat. 

Si::e  of  butter-fat  globules. —  The  size  of  the  butter-fat  globules  has 
a  marked  effect  on  the  churning  quality  of  cream.  The  large  fat  globules 
come  in  contact  with  each  other  much  more  readily  than  the  small  ones. 
The  size  of  these  small  divisions  of  fat  in  milk  and  cream  are  probably 
affected  by  the  same  factors  that  control  the  condition  of  the  butter- 
fat.  Very  often  a  "  stripper^s  '*  cream  is  difficult  to  churn  because  the 
fat  is  hard  and  the  globules  small. 

Amount  of  cream  in  churn. —  The  churn  should  be  one-third  to  one- 
half  full.  There  must  be  enough  cream  to  fall  nicely,  and  yet  not  so 
much  that  concussion  does  not  take  place. 

Speed  of  churn. —  The  greatest  possible  agitation  is  desired.  There- 
fore, the  churn  must  be  speeded  carefully,  not  too  slow  nor  too  fast. 
Just  before  the  cream  breaks  it  is  very  thick  and  it  adheres  to  the  walls 
of  the  churn.  At  this  stage  of  the  churning  process  the  speed  should 
be  lessened. 

Abnormal  micro-organisms. —  Certain  micro-organisms,  such  as  ropy 
milk  bacteria  and  yeasts,  prevent  the  cohesion  of  the  fat  globules. 
Difficult  churning  is  the  result. 

STEPS   IN    THE    MANUFACTURE   OF   BUTTER 

1.  Have  the  temperature  of  the  cream  right.     (See  page  17.) 

2.  Place  in  hot  water  all  the  wooden  ware  (ladles,  printer,  etc.)  that 
may  come  in  contact  with  the  butter. 

3.  Have  the  chum  clean  and  so  set  that  it  will  not  turn  over. 

4.  Pour  the  cream  into  the  churn  through  a  wire,  hair,  or  perforated 
tin  strainer.  This  should  not  be  overlooked,  especially  if  the  cream  is 
lumpy. 

5.  Add  the  color  to  the  cream  in  the  churn.  Usually  one  to  two 
ounces  of  color  per  one  hundred  pounds  of  butter-fat  is  suf&eient.    jHiis 
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may  vary  with  different  brands  of  color  and  market  requirements.  If 
the  butter-maker  forgets  to  put  the  color  in  the  cream,  it  may  be  mixed 
in  the  dry  salt  and  worked  into  the  butter.  Probably  it  will  be  necessary 
in  this  case  to  over-work  the  butter  somewhat  in  order  to  distribute  the 
color  and  salt  properly. 

6.  After  securely  fastening  the  cover,  give  the  churn  eight  or  ten 
revolutions  and  then  pull  out  the  plug  to  let  the  gas  escape.  It  is  usually 
well  to  hold  the  hand  over  the  hole  in  such  a  way  as  to  prevent  the 
cream  from  blowing  over  the  room.  Return  the  plug  and  revolve  the 
churn  fifteen  or  twenty  times  more  and  again  let  out  the  gas.  If  the 
churn  is  not  too  full,  usually  two  or  three  stops  for  this  purpose  are 
sufficient. 

7.  The  churning  process  is  nearing  completion'  when  the  glass  be- 
comes clear.  The  particles  of  butter  should  be  about  the  size  of  a  pea 
or  a  kernel  of  corn,  for  the  butter-milk  drains  off  more  readily  when 
the  granules  are  this  size  than  when  they  are  very  small.  If  churned 
too  long  too  much  butter-milk  is  incorporated, 

8.  Drain  off  the  butter-milk  through  a  strainer. 

9.  In  washing  the  butter  pour  in  just  enough  water  to  help  drain 
off  the  butter-milk.  Then  add  about  as  much  water  as  butter-milk.  The 
temperature  should  be  about  54°  or  58**  F.  If  too  high,  the  butter  will 
be  greasy.  If  too  low,  the  butter  will  be  too  hard  to  work  in  the  salt 
nicely.  If  the  butter  is  hard  extra  working  is  required  and  it  is  likely 
to  be  tallowy. 

10.  After  washing,  place  the  butter  on  the  worker  or  in  the  bowl 
that  has  been  thoroughly  cooled  and  distribute  the  salt  over  it.  If  the 
salt  is  hard  and  dry,  or  cold,  and  dissolves  slowly,  it  is  well  to  place  it 
in  a  vessel  and  just  cover  it  with  water  at  the  same  temperature  as  the 
wash  water,  or  perhaps  two  or  three  degrees  higher.  After  standing  a 
few  hours  the  salt  will  be  softened  and  warmed  and  will  dissolve  in 
the  butter  much  more  quickly  than  when  very  dry  or  cold.  The  amount 
of  salt  will  depend  on  the  market.  The  average  is  one  to  one  and  one 
half  ounces  per  pound  of  butter- fat. 

11.  The  main  purpose  of  working  butter  is  to  distribute  the  salt, 
and  secondarily  to  compact  the  butter.  Do  not  give  the  ladles  a  sliding 
motion  over  the  butter  as  this  will  make  it  greasy.  The  working  process 
may  be  done  in  a  bowl,  in  the  churn,  or  on  a  worker.  Sometimes  it  is 
well  to  let  the  butter  stand  for  the  salt  to  dissolve  before  the  working 
process  is  completed.  If  the  butter  has  not  been  worked  sufficiently, 
mottles  may  be  found  in  it  after  it  has  been  in  cold  storage  for  a  day. 

12.  As  soon  as  worked  the  butter  is  ready  to  be  packed.  The 
fick«g6s  should  be  clean  and  cooli  and  the  butter  packed  finnly.    If 
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paper  or  wooden  packages  are  used  particular  precaution  must  be  taken 
against  mold.    The  kind  of  package  must  suit  the  market. 

MARKETING  BUTTER  AND  ITS  BY-PRODUCTS 

The  kind  of  market,  the  distance  from  market,  size  of  herd,  dair)* 
equipment,  and  the  like,  must  be  considered  by  all  dairymen  in  determin- 
ing an  outlet  for  their  dairy  products.  If  one  is  to  maj^e  butter,  Hoa 
shall  he  get  the  very  best  trade? 

Above  everything  else  the  product  must  be  uniformly  good,  and  i: 
must  have  a  neat  appearance.  If  a  special  price  is  desired,  the  butter 
should  be  placed  in  one  of  the  best  stores  and  be  kept  in  an  ice  box 
away  from  the  flavors  of  groceries.  Sometimes  butter  can  be  sold  on  a 
milk  route,  the  milkman  receiving  a  commission  for  selling  it.  Often 
a  dairyman  with  a  herd  of  medium  size  is  too  far  from  market  to  retail 
whole  milk  daily.  In  such  case  he  might  make  butter,  and  sell  butter. 
butter-milk,  and  cottage  cheese,  and  deliver  only  two  or  three  times  a 
week.  He  would  then  have  the  skimmed  milk  and  perhaps  surplus 
butter-milk  for  the  stock. 

For  convenience  not  only  to  the  consumer,  but  to  the  route   man, 
packages  of  a  uniform  size  should  be  used.    One  pound  prints  are  the 
best.     (Some  markets  can  be  trained  to  take  any  good  and  convenient 
package.)     The  pound  prints  should  be  wrapped  in  parchment  paper 
(8x11  in.).    This  parchment  can  be  secured  for  about  $i.oo  per  i,ooo 
sheets.     The  use  of  a  paraffined  paper  box  or  carton,  just  a  nice  size 
for  the  print,  is  desirable,  for  it  protects  the  butter  from  heat  and  dirt. 
The  cartons  and  parchment  can  be  purchased  of  paper  or  dairy  supply 
concerns.    The  cartons  cost  about  $3.50  for  a  single  1,000.    The  package 
consisting  of  the  parchment  wrapper  and  carton  in  small  quantities  would 
cost  about  .45  of  a  cent  per  pound  of  butter.     In  larger  quantities  the 
cost  would  be  less. 

The  butter-milk  sells  at  ten  to  twenty  cents  per  gallon,  retail.  It  can 
be  delivered  on  the  route  in  two-quart  glass  bottles.  Cottage  cheese 
in  cubes  of  one-quarter  of  a  pound  each,  nicely  wrapped  in  parchment, 
will  sell  for  five  cents. 

In  catering  to  a  first-class  trade,  it  is  desirable  that  the  route  man 
be  dressed  neatly  and  that  he  shall  not  carry  barn  odors.  It  would  be 
well  for  him  to  have  a  clean,  washable  suit  for  wearing  only  on  the 
route.  In  the  winter  he  can  wear  an  overcoat  of  the  same  material  over 
a  heavy  overcoat,  or  a  jumper  suit  over  his  regular  suit. 
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HELPS  IN  AGRICULTURE  OFFERED  TO  PUBLIC 
SCHOOLS  FOR  1910-1911 

HE  following  helps  in  agricultural  instruction  are  offered  by  the 
State  College  of  Agriculture  for  use  in  the  public  schools: 
I.  The  September  issue  of  the  Cornell  Rural  School  Leaflet 
giving  subject  matter  for  the  entire  year's  work  as  outlined  by  the 
New  York  State  Syllabus.  This  issue  will  be  sent  on  application  to 
any  teacher  in  city  or  country  in  New  York  State. 
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2.  Monthly  issues  of  the  Cornell  Rural  School  Leaflet  sent  to  rural 
teachers  and  to  teachers  in  villages  of  3,000  inhabitants  or  less. 

3.  Three  issues  of  the  Children's  Leaflet  to  be  sent  to  children  in 
rural  districts  and  in  villages  of  3,000  inhabitants  or  less. 

4.  Correspondence  with  children  in  which  we  shall  answer  questions 
asked  on  outdoor  subjects. 

5.  Pictures  sent  to  children  in  rural  schools  and  small  village  schools 
who  will  write  three  letters  to  the  Editor  of  the  Rural  School  Leaflet 
during  the  year. 

I813I 
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6.  To  the  first  three  teachers  in  each  county  who  teach  Itx  a  oh 
room  schoolhousc  atnd  who  make  application,  we  shall  send  sj>eci 
helps  throughout  the  year. 

7.  Management  of  prize  competitions  for  the  year  1910-1  r  for  raisii 
com,  potatoes,  poultry,  garden  crops,  and  for  bread  makingf. 

8.  Leaflets  supplied  to  children's  agricultural  clubs. 

9.  Home  Nature-Study  Course  sent  to  teachers  making  a.pplica 
tion  for  same  to  Mrs.  Anna  Botsford  Comstock,  College  of  Agriculture 
Ithaca,  N.  Y. 

10.  Effort  made  to  provide  lecturers  in  agriculture  for  teacliers'  meet- 
ings, when  organizations  will  pay  expenses  of  same.  ' 

NOTES 

An  appeal  to  Rural  School  Teachers. — So  important  does  it  seen 
that  there  should  be  a  closer  relationship  between  the  teachers  of  the 
rural  schools  and  the  College  of  Agriculture,  that  we  have  decided  thi> 
year  to  spend  the  greater  part  of  our  appropriation  for  the  benefit  r: 
rural  schools  only.  We  regret  exceedingly  that  we  can  not  extend 
our  entire  year's  efforts  to  every  teacher  whether  in  city  or  countn- 
in  New  York  State  but  our  appropriation  at  present  is  not  large  enough 
to  provide  publications  for  the  thousands  of  teachers  who  make  appli- 
cation for  them.  We  shall,  therefore,  on  application,  send  one  Leaflet, 
the  September  issue,  to  all  teachers  whether  in  city  or  country.  In  this 
Leaflet  we  have  given  subject  matter  to  cover  the  entire  year's  work  as 
outlined  by  the  New  York  State  Syllabus.  The  subsequent  issues  oi 
the  Leaflet  for  this  year  will  be  sent  to  rural  teachers  and  to  the 
teachers  in  villages  of  3,000  inhabitants  or  less.  Application  for  the 
September  Leaflet  may  be  made  any  time  during  the  year. 

At  the  close  of  the  year  1910-11  we  hope  that  we  may  be  able  to 
present  to  the  Education  Department  at  Albany  and  to  the  school  com- 
missioners records  of  the  work  that  has  been  accomplished  in  nature- 
study  and  agrictdture  by  individual  rural  schools  in  the  State.    Some  of 
the  best  work  that  has  been  done  in  New  York  State  in  nature-study 
and  agriculture  was  in  a  one-room  schoolhouse  in  Seneca,  New  York, 
the  teacher    Miss   Susan   Moore.    The  school   averaged    about  thirtr 
pupils  and  the  teacher  had  all  grades  for  which  to  prepare  her  work. 
The  keenest  kind  of  interest  in  country  life  subjects  was  manifested 
by  the  boys  and  girls,  yet  the  regular  school  work  was  not  neglected. 
How  many  men  and  women  teaching  in  New  York  State  are  willing  to 
do  some  earnest  work  along  agricultural  lines?    Agriculture  affords  one 
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31  the  very  "best  means  for  all-round  mental  development.  There  seems 
to  be  little  doubt  in  the  minds  of  many  educators  that  it  will  eventually 
be  fundamental  to  preparation  for  life  work,  whatever  that  life  work  * 
may  be.  The  study  of  outdoor  objects  and  phenomena,  combined  with 
the  opportunities  that  agriculture  gives  for  creative  and  productive 
activity,  will  have  an  essential  place  in  all  education.  New  York  State 
should  lead  in  this  work  and  we  want  to  show  its  possibilities  in  our 
own  rural  schools. 

Special  Helps. — Since,  as  we  have  said  above,  our  appropriation  for 
this  educational  work  is  limited,  we  ought  to  give  our  individual  help 
largely  to  the  teachers  in  rural  districts  who  are  most  desirous  of  taking 
up  the  w^ork  in  an  earnest  way.    We  have,  therefore,  decided  to  establish 
three  schools  in  each  county  for  special  experimental  work,  these  schools 
to  he  rural  schools.   For  this  purpose  we  shall  choose  the  one-room  school- 
house  and  will  do  special  work  with  the  teachers  and  pupils,  including 
a   more   personal  correspondence  and  any  extra  publications  that  we 
may  be  able  to  issue.    The  first  three  teachers  from  each  county  that  make 
application  to  be  placed  on  this  special  list  will  be  accepted.    We  shall  ex- 
pect from  these  teachers  at  the  end  of  the  year  a  report  of  all  work  that 
has  been  done  in  the  one-room  schoolhouse  to  increase  the  interest  in 
agriculture .    To  these  teachers  we  shall  send  a  blank  book  for  such  report . 
The  Cornell  Contests. — Teachers  should  remind  all  the  children  who  have 
entered  the  bread  contest,  which  closes  November  3rd,  to  have  their 
report  and  bread  reach  Ithaca  on  time.    The  bread  should  be  expressed 
or  mailed  and  should  reach  Ithaca  between  the  first  and  third  of  Novem- 
ber.   Bread  reaching  Ithaca  before  the  first  will  be  too  dry  for  judging 
and  any  received  after  the  third  will  not  be  considered.    All  teachers 
will  realize  that  a  child  will  get  much  training  from  doing  this  piece 
of  work  at  the  right  time  and  in  the  right  way. 

All  reports  of  the  potato  contest,  com  contest,  and  garden  contest 

should  be  in  by  November  first.     Please  state  to  the  children  that  we 

shall  not  be  ready  to  award  prizes  immediately  after  the  results  of  the 

contest  have  been  announced;  but  they  will  surely  receive  the   prize 

money  as  soon  as  the  College  can  arrange  for  payment.     Many  boys  and 

girls  last  year  grew  impatient  and  we  do  not  want  any  to  feel  anxious 

this  year  lest  they  may  not  receive  the  money.     All  addresses  sent  with 

reports  and  with  material  should  be  plainly  written.     For  three  of  the 

prizes  awarded  last  year  we  were  not  able  to  find  the  children.     Perhr* 

some  teacher  can  help  us  to  locate  these  young  persons : 

Mary  B.  Atwater,  Lansing,  N.  Y. ;  Herbert  L.  Trenham,  Marshall,  N.  Y. ; 
Ralph  G.  Gifford,  Cohocton,  N.  Y. 
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Children's  Letters. — A  boy  or  girl  will  gain  much  through  correspond- 
ence that  interests  him.  In  each  of  the  Leaflets  for  children  -we  shall 
send  a  letter  which  we  shall  ask  them  to  answer  personally.  The  spine 
in  which  this  letter  is  answered  will  depend  on  the  teacher.  If  he  can 
make  the  children  feel  that  there  is  at  the  College  of  Agriculture  a 
person  who  is  interested  in  them  and  in  what  they  are  doing  anJ 
who  will  not  be  critical  of  penmanship  and  English,  the  children  \m':1 
get  much  help  from  writing  the  letters.  The  teacher  should  not  wai'.\ 
the  responsibility  of  giving  the  children  this  kind  of  interest  in  a  higher 
institution  of  learning.  We  have  students  in  our  College  of  Agriculture 
who  say  that  the  first  desire  they  had  for  taking  a  college  course  can:., 
from  youthful  interest  in  the  children's  clubs  organized  at  the  Stat^: 
College  of  Agriculture. 

Children's  Leaflets, — There  will  be  but  three  issues  of  the  Leaflei> 
for  the  children  this  year,  November  —  December,  January  —  Februan*. 
April — May.  These  Leaflets  will  be  sent  to  children  in  rural  district^ 
and  in  small  villages  only  and  in  response  to  requests  for  the  saire 
giving  the  name  of  the  teacher  and  the  names  of  the  children. 

Afield  in  October. — Teachers  should  try  to  take  their  classes  for  one 
trip  through  field  and  wood  in  October.  They  will  help  the  children 
to  see  and  enjoy  much  that  young  folk  would  not  find  alone.  The 
woods  are  very  wonderful  in  late  autumn.  Let  the  children  share  ar. 
hour  in  them  with  the  teacher. 

**  Peace  of  the  forest,  rich,  profound^ 
Gather  me  closely,  fold  me  round  I 

Grant  that  the  trivial  care  and  strife. 
The  petty  motive,  the  Jarring  sound. 

Melt  and  merge  in  your  lovelier  life. 
The  myriad  whispers  of  grass  and  pine. 
The  stir  of  wings  in  the  quest  divine, 
I  claim  their  music  and  make  it  mine.** 

Elizabeth  R.  MacDonau) 
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LETTER  TO  BOYS  AND  GIRLS 

Dear  Boys  and  Girls: 

To-night  I  am  writing  you  a  letter  which  will  reach  you  about  Thanks- 
giving time.  Your  young  hearts  will  be  festive  and  your  young  eyes 
will,  I  doubt  not,  be  inspecting  every  strutting  turkey  gobbler,  every 
waddling  duck,  and  even  the  old  gray  goose.  How  I  should  like  to  be 
with  you  out  in  the  barnyard  on  a  November  day !  We  should  certainly 
have  something  to  say  about  the  poultry  and  other  live  things;  and  we 
should  be  glad  to  have  the  great  stretches  of  brown  fields  and  gray 
pastures  about  us,  and  the  great  stretches  of  gray  sky  overhead.  Maybe 
we  should  hie  us  over  to  the  wood  and  have  a  chat  with  the  red  squirrel, 
stopping  once  in  a  while  to  imitate  the  notes  of  the  chickadee. 

But  I  am  here  and  you  are  there,  while  fields  and  hills  lie  between. 
You  will,  therefore,  have  to  tell  me  about  the  good  country  times  you 
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are  having.  Write  me  a  letter  before  next  January  and  tell  me  about 
your  outdoor  experiences.  Then  in  the  next  Leaflet  I  shall  write  to 
you  again. 

On  page  8  you  will  find  a  list  of  schools  that  celebrated  Com  Day- 
last  January.  Be  sure  to  celebrate  Com  Day  in  your  school  this  year 
and  later  send  us  a  com  exhibit  for  Farmer's  Week,  February  20—25- 

And  during  all  the  winter  days  keep  the  outdoor  spirit  in  your  hearts. 
Skate  and  coast  and  skee;  do  not  mind  tinglii{g  fingers  or  red  noses. 
Make  acquaintance  with  the  wild  woodfolk — they  are  sometimes  sociable. 
.  Learn  the  name  of  every  evergreen  tree  in  your  neighborhood.  Try 
to  find  out  the  names  of  some  of  the  leafless  trees.  Listen  to  the  sounds 
in  the  winter  woods  and  try  to  locate  them.  Let  no  day  pass  in  which 
you  do  not  take  an  interest  in  wind  and  weather.  Winter  winds  give 
wondrous  music  sometimes.    Try  to  hear  it. 

Remember  also  to  make  a  Christmas  tree  for  the  birds.  Choose  any 
evergreen  tree  and  fasten  suet,  a  ham  bone,  and  other  food  to  the 
branches.  Chickadees,  nuthatches,  woodpeckers,  and  other  winter 
birds  may  visit  the  tree  and  be  glad  to  find  your  Christmas  gifts. 

Sometime  ask  your  teacher  to  have  a  period  for  letter  writing  and 
send  a  letter  to  me.  I  like  boys  and  girls  better  than  anything  else  in 
the  world,  even  better  than  singing  birds  or  furry  white  rabbits  or  tall 
pine  trees. 

Sincerely  your  friend 


Q^-^-hccCl^^^ 


OBSERVATION  OF  BIRDS 

The  boys  and  girls  throughout  New  York  State  are  making  this 
year  a  special  study  of  ten  birds:,  blue  bird,  Maryland  yellowthroat, 
chipping  sparrow,  brown  creeper,  wood  pewec,  Baltimore  oriole,  barn 
swallow,  hawk,  chickadee,  and  crow.  Most  of  these  birds  are  migratory; 
that  is,  they  go  south  to  spend  the  winter.  A  few  of  these  migratory 
birds  may  be  seen  in  different  parts  of  New  York  State  during  the 
winter  months.  Two  of  them,  the  chickadee  and  brown  creeper,  will 
be  seen  by  most  of  the  boys  and  girls.  Let  us.  therefore,  take  a  special 
interest  in   these  two  birds  during  the  winter  days. 


Digitized  by  VjOOQIC 


Rural  School  Leaflet 


819 


The  chickadee. 

Size. — Smaller  than  a  sparrow. 

General  color, — Gray,  darker  above,  cap  and  throat  black. 

Distinctive  features. — The  black  cap  and  throat,  together  with  its 
small  size,  confiding  nature,  and  scolding  chick-a-d^-d^^  note,  will 
always  distinguish  this  bird. 

The  brown  creeper. 

Size. — Smaller  than  an  English  sparrow. 
General  color. — Above  streaked  cinna- 
mon broivn;  below  grayish  white. 

Distinctive  features. — This  is  the  only 
small  brown  bird  that  will  be  seen  climb- 
ing up  the  trunk  of  a  tree  using  its  tail 
as  a  prop.  • 

Whenever  you  see  the  chickadee  or  the 

brown    creeper   spend    a  little    time    in 

watching  its   ways.      Interest    in    birds 

deepens  as  we  become  more  familiar  with 

them.     The  chickadee  has  a  phoebe  call 

as  well  as  the  chickadee  notes.     Try  to 

imitate  the  phoebe  c^ll.     Try  to  imitate 

the  strange  notes  of  the  brown  creeper. 

Boys  and  girls  would  be   very  much 

interested  to  hear  some  of  the   men  at 

college  imitate  the  calls  and  songs  of  birds. 

These   men  have   spent  a  great  deal  of 

time  afield  and  some  of  them  have  learned 

so  well  to  imitate  bird  notes  that  if  your 

eyes   were   closed   you   would   in   many  • 

cases  think  that  the  bird  was  near.     Let  each  person  observing  one  of 

these  birds  make  a  similar  attempt  for  himself. 


Brown  Creep€r 


CORN  DAY,  JANUARY  27,  1911 

It  is  now  time  to  prepare  for  the  annual  Com  Day,  which  will  be 
celebrated  the  last  Friday  in  January.  On  this  occasion  the  subject 
of  com,  one  of  the  most  valuable  of  farm  crops,  may  be  discussed  in 
your  community.  If  boys  and  girls  take  a  real  interest  in  this  day  and 
invite  their  parents  to  attend  the  Com  Day  exercises,  greater  interest 
in  the  crop  will  be  developed  from  year  to  year.     At  the  New  York 
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State  College  of  Agriculture  at  Cornell  University  we  are  watchinr 
school  districts  to  see  what  is  being  done  in  each  to  awaken  iiitere>: 
in  the  betterment  of  agnculture.  Will  your  school  district  stand  amon; 
the  first?    Now  we  ask  your  particular  attention  to  com. 

If  your  teacher  has  not  a  copy  of  the  Cornell  Rural  School  Leafit* 
for  September,  ask  him  to  send  for  one.  In  this  Leaflet  are  given  a 
number  of  lessons  on  com.  It  might  be  well  in  your  exercises  on  Corr 
Day  to  have  members  of  your  class  discuss  the  topics  given  in  th-. 
Leaflet,  one  pupil  stating  what  constitutes  a  good  ear  of  com,  anothrr 
explaining  how  to  grow  com,  another  giving  some  information  on 
the  silo. 

The  most  important  feature  of  your  Com  Day  exercises  should  be 
an  exhibit.  One  of  the  lessons  in  the  Leaflet  teaches  how  to  select  corr 
for  exhibition.  You  will  be  interested  in  finding  the  different  kin:- 
of  com  grown  in  your  neighborhood  and  in  learning  how  to  judge  the 
different  specimens. 

Many  boys  and  girls  entered  the  Com  Contest  this  year.  We  art 
hoping  that  these  young  persons  will  make  a  test  of  the  com  they  have 
grown.  Such  a  test  will  be  valuable  addition  to  your  Com  Day  exer- 
cises. It  might  be  well  at  the  same  time  to  test  some  of  the  other  con: 
grown  on  the  farm  and  see  which  shows  the  better  germination.  The- 
boys  and  girls  who  entered  the  contest  should  save  some  of  their  com 
for  planting  next  year.  Every  successful  farmer  must  have  the  spirit 
of  the  investigator.  If  you  plant  some  of  the  com  grown  by  yourself 
and  that  grown  by  your  father  or  some  of  the  neighbors,  you  may  be 
able  to  get  interesting  and  valuable  results  for  comparison. 

During  the  week  Febmary  20  to  February  25,  many  farmers  in  the 
State  will  visit  the  College  of  Agriculture.  For  this  week  we  want  to 
have  the  best  exhibit  from  the  schools  of  the  State.  This  exhibit  should 
include  something  saved  from  the  Com  Day  exercises  at  your  schol. 
Last  year  many  schools  in  the  State  sent  us  excellent  exhibits.  Thi 
educators  and  farmers  who  were  with  us  took  much  interest  in  th:> 
work  of  the  boys  and  girls. 

We  hope  that  this  year  the  girls  will  prepare  some  foods  from  com 
products.  Recipes  for  foods  made  from  com  products  are  given  in 
this  Leaflet. 

Remember  that  we  are  looking  to  your  district  for  some  energetic 
work  on  this  occasion.  We  hope  someone  in  the  community  will  otTcr 
prizes  for  the  best  ears  of  com  and  the  best  foods  from  com  products. 


Digitized  by  VjOOQIC 


Rural  School  Leaflet  821 

CORN 
Arthur  W.  Gilbert 

Com  Day  Is  near  at  hand;  now  is  the  time  to  begin  preparation. 

1 .  Make  plans  for  the  decoration  of  the  schoolroom  to  suggest  corn 
harvest.    Have  it  as  unique  as  possible. 

2.  Send  invitations  to  everyone  in  your  community.  Have  a  draw- 
ing of  an  ear  of  com,  or  something  to  suggest  com,  in  water  colors  on 
each  invitation  card. 

3.  Arrange  for  an  all-day  meeting,  the  corn  show  the  main  feature 
of  the  afternoon,  and  exercises  by  the  boys  and  girls  in  the  evening. 
Get  one  or  two  successful  farmers  in  the  community  to  talk  to  the 
boys  and  girls  about  the  best  methods  of  raising  good  com. 

4.  Let  the  girls  prepare  foods  from  com  products  and  serve  them 
*  at  one  of  the  meetings.    Prizes  may  be  offered  for  these  foods. 

5.  Ask  the  boys  and  girls  to  write  essays  on  com  to  be  read  at  one 
of  the  meetings. 

6.  Most  important  of  all — have  a  good  com  show.  Ask  every  boy 
and  girl  to  bring  ten  good  ears  of  as  many  varieties  of  com  as  possible. 
Arrange  these  in  neat  piles  each  containing  ten  ears,  upon  tables  appro- 
priately decorated.  Select  the  ears  carefully,  bearing  in  mind  the 
points  which  are  given  in  the  following  paragraphs.  Ask  a  committee 
of  farmers  to  judge  the  com  and  select  the  best  samples  of  each  variety. 
Arrange  some  unique  prizes  to  be  given  to  the  winners  for  each  variety. 
These  prizes  need  not  be  expensive. 

7.  Send  the  best  samples,  six  ears  each,  to  the  Cornell  Com  Show, 
Feb.  20-25,  to  compete  for  prizes.  Address  these  to  Mr.  E.  M.  Tuttle, 
College  of  Agriculture,  Ithaca,  N.  Y.  Since  our  appropriation  for  school 
work  is  small  we  shall  ask  all  who  can  to  pay  the  express  charges  on 
the  exhibit. 

What  constitutes  a  good  ear  of  com 

When  selecting  ears  of  com  for  breeding  or  exhibition  purposes, 
one  should  have  in  mind  a  well-defined  ideal  type  of  ear.  In  general, 
this  type  of  ear  should  be  one  which  will  give  the  greatest  yield  of 
mature  com.  The  following  suggestions  apply  primarily  to  dent  com 
but  they  may  be  made  to  apply  to  fiint  or  sweet  cohi  as  well. 

1.  Shape  of  ears. — A  perfect  ear  of  com  should  be  full  and  strong 
in  the  middle  part,  indicating  a  strong  constitution.  It  should  retain 
this  size  to  near  the  tip  and  butt,  thus  forming  as  nearly  as  possible 
a  cylindrical  ear. 

2.  Btitts  of  ears. — The  rows  of  kernels  should  extend  well  down  over 
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the  butts  of  the  ears,  thus  giving  an  ear  of  better  appearance  and  ool- 
taining  a  higher  yield  of  grain.  The  shank,  or  the  part  of  the  stal^ 
which  is  attached  to  the  ear,  should  not  be  too  large  and  coarse 
Swelled,  open,  or  badly  compressed  butts,  as  well  as  those  having  ker- 
nels of  irregular  size,  are  objectionable. 

3.  Tips  of  ears. — ^Tips  of  the  ears  should  be  well  filled  out,  indicatic: 
a  type  of  com  which  will  easily  mature.  The  rows  of  kernels  shoiil: 
extend  in  a  regular  line  to  the  extreme  tip  of  the  ear. 

4.  Shape  of  kernels. — The  shape  of  the  kernels  is  very  importa::: 
They  should  broaden  gradually  from  tip  to  crown,  with  edges  strai^i: 
so  that  they  will  touch  the  full  length,  and  should  be  'wedge-shapei 
without  coming  to  a  point.  Kernels  of  this  shape  will  fit  close  togethe: 
and  thus  insure  the  highest  possible  yield  of  grain  that  can  grow  cc 
the  cob.  If  the  kernels  have  this  wedge-shape  there  will  be  found  s. 
wide  spaces  between  the  rows.    Such  spaces  are  always  objectionable. 

5.  Proportion  between  corn  and  cob. — There  should  be  a  large  propor- 
tion of  grain  as  compared  with  the  amount  of  cob.  This  will  be  th:; 
case  with  ears  having  deep  kernels.  A  large  ear  does  not  necessan'r 
indicate  a  heavy  yield  of  grain,  and  it  is  objectionable  in  that  the  col 
being  large,  contains  a  considerable  amount  of  moisture  which,  6iy\VLi 
out  slowly,  thus  injures  the  grain  for  seed  purposes. 

6.  Color  of  grain  and  cob. — Good  com  should  be  free  from  admixture. 
White  cofn  should  have  white  cobs  and  yellow  com  should  have  red  cobs. 

7.  Trueness  to  type  or  race  characteristics. — The  ears  selected  for  an 
exhibit  or  for  breeding  purposes  should  be  uniform  in  size,  shape,  color, 
indentation,  and  size  of  kernel.  They  should  also  be  true  to  the  name 
of  the  variety. 

CORN  FOODS  FOR  CORN  DAY 

Flora  Rose 
Com  Meal  Mush 

I  cup  com  meal  }  teaspoon  salt 

5  J  cups  water 

Mix  the  com  meal  with  i  cup  cold  water.  Add  4^  cups  boiling  water. 
Add  salt.  Cook  over  direct  heat  for  5  minutes.  Set  over  hot  water 
and  cook  for  one  hour  or  longer.  Com  meal  mush  is  better  if  cooked 
for  several  hours. 

Com  Meal  Gems 


I  cup  thick  sour  milk 
\  level  teaspoon  soda 
I  beaten  egg 
}  to  I  cup  com  meal 


I  level  teaspoon  butter  or 
lard  or  drippings,  melted 

I  cup  white  flour  mixed  with 
I  level  teaspoon  baldiig 
powder 
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Mix  soda  and  sour  milk.  Add  egg,  melted  butter,  flour,  and  corn 
meal  and  stir  thoroughly.  Pour  into  well-buttered  gem  pans  and  bake 
in  medium  hot  oven  for  about  25  minutes. 

Com  Pudding 

I  can  com  2  eggs 

or  2  level  teaspoons  butter, 

I  pint  grated  fresh  com  melted 

I  cup  milk  salt,  pepper 

Mix  all  ingredients.  Pour  into  a  buttered  baking  dish.  Set  the  dish 
in  a  pan  of  water  and  bake  until  the  custard  is  firm.  A' knife  blade 
run  into  the  custard  shows  the  firmness. 

Indian  Pudding 

1  quart  milk  J  cup  finely  chopped  suet 

J  cup  yellow  com  meal  or 

3  eggs  i  cup  butter 

i  teaspoon  salt  \  cup  brown  sugar  ) 

I  teaspoon  cinnamon  J  cup  molasses        ) 

1  teaspoon  allspice  or 

2  teaspoons  ginger  all  sugar  or  all  molasses 
I  cup  seeded  raisins 

Scald  J  the  milk.  Mix  com  meal  with  i  cup  of  remaining  milk  and 
add  gradually  to  the  scalded  milk.  Cook  for  5  minutes  or  until  it  thick- 
ens, stirring  constantly  to  prevent  lumping.  Add  the  remainder  of  the 
milk  and  beaten  eggs — the  suet,  sugar,  molasses,  salt,  and  spices.  Pour 
into  a  buttered  baking  dish  and  bake  slowly  for  3  hours.  If  butter  is 
used  baking  may  be  completed  in  2  or  2J  hours.  An  hour  after  the 
baking  begins  a  cupful  seeded  raisins  sprinkled  with  flour  may  be 
stirred  in. 

Johnny-cake 

1  cup  sour  milk  i  J  cups  white  flour 

i  level  teaspoon  soda  3  level  teaspoons  baking 

2  eggs  powder 

\  cup  shortening,  melted  i  cup  Indian  meal 

J  cup  sugar  J  teaspoon  salt 

Mix  soda  and  sour  milk.  Add  beaten  eggs,  shortening,  sugar,  white 
flour  mixed  with  baking  powder,  Indian  meal,  and  salt.  Pour  into 
shallow  buttered  pan  and  bake  20  to  30  minutes. 

REPORT  OF  CORN  DAY,  JANUARY  28,  1910 

Following  is  a  list  of  schools  in  New  York  State  in  which  Com  Day 
was  celebrated  on  January  28,  19 10.  We  received  notices  of  Com 
Day  celebrations  in  other  schools,  but  were  unable  to  locate  the  schools, 
since  in  some  cases  the  name  of  the  teacher  was  not  given  and  in  other 
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cases  the  address  was  not  given.    We  regret  this,  for  we  should  like  t. 
give  credit  to  all  the  schools  in  which  Com  Day  was  observed. 

School  Teacher 

Albany,  School  12 Katherine  G.  Radle j 

Amsterdam ville Hattie  Linsey 

Town  of  Ballston Mary  Davis 

Bannerville Madison  A.  Rickard 

Barton 

Batavia,  Dist.  7 Helen  Empire 

Belfast Mary  B.  Garvin 

Carthage Agnes  Shea 

Castorland 

Claverack,  Dist.  2 Mary  E.  Ljmch 

Corinth  High  School 

Deansboro  Graded  School W.  H.  Wheeler,  Principal 

Frankfort Leola  A.  Phillip 

Fredonia Alma  J.  Romley 

Greene Mrs.  J.  H.  Cheethatn 

Grieg,  Town  of  Turin,  Dist.  6 G.  L.  Lonas 

Hamburg,  Lakeview,  Dist.  4 Fred  Langheim 

Ithacci,  R.  3,  Coddington  Roads  School Grace  M.  Tozer 

Ithaca,  R.  D.,  Morris  Chalk  School Mary  A.  Tozer 

Town  of  Jackson,  Dist.  2 

Kiamesha Lillian  A.  Ray 

Kingsbury,  Sandy  Hill,  Dist.  5 

Knox,  Dist.  6 T.  C.  Bogardus 

Lakeview,  Weyer  School  4 Mary  Barry 

Linden Mary  A.  Higgins 

Town  of  Litchfield.  Dist.  6 

Middleport Mary  Yerge 

Newfield  High  School W.  A.  Coe 

New  Milford,  Dist.  8 J.  A.  Wright 

Ogdensburg,  R  2 .Evelyn  E.  Perry 

Olmsteadville Mrs.   Isabella    M.    D.   Havros 

Oriskany  Falls Nellie  M.  Burleson 

Perrysburg Myrtle  H.  Boss 

Petersburg Florence  Reynolds 

Town  of  Queensburg,  Dist.  6 Lida  H.  Burton 

Randolph 

Reading  Center Mrs.  A.  J.  Dninunoml 

Town  of  Rodman,  Dist.  5 

Saugerties,  Dist.  14 Mrs.  Geo.  A.  Wilson 

Schenevus Miss  Ferguson 

Seneca '. .  Susan  Moore 

Seneca  Falls,  Fayette  Dist.  12 Jessie  M.  Dean 

Smithtown.  Long  Island 

Southold  High  School Graham  Glover 

Southold,  4th  grade Alice  J.  Tooke 

South  Vestal Emilie  Howard 

Town  of  Springfield,  Dist.  8 E.  Lee  Allen 

Taberg F.  V.  McElroy 

Taberg,  Dist.  9 Marjorie  Wright 

Unadilla Minnie  Gasseple 

Vestal,  Dist.  4,  Willow  Point  School Mrs.  A.  I.  W.  Gates 

Waterloo,  Town  of  Montezuma Wm.  D.  Chaffee 

Westfield Pearl  H.  PuUer 

White  Creek,  Dist.  i 

Whitehall,  R.  i 
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FIRESIDE  TALK 

It  is  a  long  time  since  the  boys  and  girls  have  been  with  me  for  a 
real  home  talk  by  the  fireside.  Let  us  put  a  great  log  across  the  old 
andirons  and  not  say  a  word  until  the  blaze  lights  up  the  room  and  I 
can  look  into  your  faces.  In  this  time  of  real  quiet  I  want  you  to  decide 
what  kind  of  boys  and  girls  you  are  and  what  kind  of  men  and  women 
you  want  to  be.  It  is  good  for  young  people  to  consider  this  question. 
We  can  think  about  it  better  in  silence.  The  comfortable,  roaring 
sound  that  goes  up  the  chimney  will  not  disturb  the  quiet  of  the 
room  and  we  shall  think  much  while  we  wait  for  the  rosy  glow. 

And  now  that  you  have  thought  a  little,  I  suppose  you  have  had 
in  mind  whether  during  the  past  month  you  have  been  honest  and 
just  and  generous  and  unselfish.     You  will  know  whether  you  have 

[825I 
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been  patient;  whether  you  have  made  your  home  glad  and  your  sch  ■ 
days  happier  for  everyone  about  you.     I  hope  you  have  not  had  an: 
of  the  things  that  prevent  a  boy  from  being  a  splendid  kind  of  boy  ai: 
a  girl  from  being  a  splendid  kind  of  girl,  such  as  jealousy,  ill  tempt: 
stubbornness,  and  the  like. 

Whenever  I  have  boys  and  girls  about  me  as  I  have  now,  an: 
can  look  into  their  glad  yoimg  faces,  I  am  sure  that  disagreeal 
qualities  grow  in  their  spirits  because  they  do  not  realize  how  sehoi? 
such  qualities  are.  It  is  natural  for  young  folk  to  be  good,  wholesome 
and  lovable  in  every  way,  but  sometimes  they  let  little  things  mak. 
them  unhappy  and  then  give  way  to  unworthy  feelings. 

This  coming  month  I  wish  you  would  watch  yourselves  and  see  fcor 
many  useful  things  you  can  do  for  your  parents  and  your  teachtr. 
how  many  loving  things  you  can  do,  how  many  unselfish  things  ycc 
can  do.  Life  is  made  up  of  habit  of  thought  and  act.  I  believe  thai 
the  men  who  have  been  able  to  do  great  deeds  in  the  w^orld  began  whe: 
they  were  children  to  form  habits  of  control  and  self-sacrifice.  I  K- 
lieve  every  one  of  the  young  faces  I  am  now  looking  into  have  already 
learned,  short  as  their  lives  have  been,  that  to  get  things  we  want  dui 
not  always  make  us  happy,  but  to  give  to  another  something  we  wan: 
rarely  fails  to  leave  after  it  a  satisfied  heart. 

Because  the  boys  and  girls  of  the  State  have  come  near  to  me  I  kcov. 
you  will  not  object  to  my  asking  you  to  consider  what  I  have  said.  J 
like  to  tell  you  once  in  a  while  some  of  the  things  that  I  want  you  to 
think  about  because  I  really  care  what  kind  of  men  and  women  vol 
become.  We  need  farm  folk  who  are  educated,  vigorous,  brave,  useful, 
and  happy  men  and  women;  for  country  life  is  a  great  life,  and  the 
world  always  needs  strong  men  and  women  who  have  had  trainir/^ 
close  to  nature. 

And  now  about  your  outdoor  study  for  January  and  February.  ^^ 
do  not  want  boys  and  girls  who  live  in  the  country  to  lose  the  greH 
world  knowledge  that  can  be  found  all  about  them.  We  do  not  ^"ant 
you  to  lose  sight  of  the  fact  that  real  education  can  be  had  from  knoffi- 
'edge  of  outdoor  things. 

Some  time  this  month  we  should  like  you  to  have  in  your  school 
a  part  or  all  of  the  lesson  on  The  Study  of  Individual  Ears  of  Corn  by 
Professor  Gilbert.  If  you  do  this,  will  you  send  us  the  results  of  your 
lesson? 

A  part  of  your  work  for  this  year  is  to  come  to  know  the  chickadee. 
You  will  take  much  more  interest  in  this  bird  when  you  learn  iro^ 
Mr.  Allen's  article  that  it  is  of  real  value  on  the  farm. 
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If  you  make  a  farm  map,  as  Professor  Warren  suggests  on  page  90, 
ivill  you  send  the  map  to  us?  We  shall  be  much  interested  in  any  of 
your  study  of  the  farms  about  your  school. 

Many  boys  and  girls  have  asked  us  about  Snow-fleas  that  are  some- 
times seen  in  winter  on  the  snow.  Professor  MacGillivray  speaks  of 
these  insects  as  follows: 

"  Snow-fleas  are  found  in  many  places  on  the  bright  thawing  days 
of  February,  March,  and  early  April.     They  are  minute,  black  insects 
that  live  in  the  crevices  or  under  the  bark  of  trees,  feeding  on  the  fungi 
that  grow  there;  but  sometimes  they  swarm  out  on  the  surface  of  the 
snow  about  the  base  of  the  tree  for  ten  feet  or  more.     They  are  so 
numerous  at  times  that  they  almost  blacken  the  snow.     Each  insect 
is  less  than  an  eighth  of  an  inch  long,  so  that  a  large  number  would 
be   required  to  color  the  snow.     They  have  a  peculiar  forked  organ 
bent  forward  under  the  apex  of  the  abdomen,  and  when  they  are  touched 
this  forked  spring  throws  them  through  the  air  for  a  considerable  dis- 
tance.    In  districts  where  maple  sugar  is  made,  they  get  into  the  sap 
pails   and  are  a  great  nuisance.     They  are  not '  discommoded  by  the 
water  in  the  pail  as  they  can  walk  or  use  their  spring  on  the  surface  of 
the  water  as  well  as  on  any  hard  surface.    The  spring  is  minute  and 
cannot  be  seen  except  by  use  of  a  magnifying  glass." 

Before  our  next  Leaflet,  which  will  be  issued  in  April,  you  will  begin 
to  think  about  your  gardens.  We  are  very  much  encouraged  by  the 
interest  the  boys  and  girls  throughout  the  State  are  now  taking  in 
growing  something  in  the  spring,  even  though  they  have  but  little 
room  for  planting.  So  many  children  ask  for  penny  packets  of  seeds 
that  we  are  glad  to  state  that  these  can  be  obtained  from  James  Vick's 
Sons,  Rochester,  New  York.  We  hope  you  will  read  the  announce- 
ment in  this  issue  about  securing  these  seeds,  so  that  mistakes  such  as 
were  made  last  year  will  not  occur  again.  Many  children  sent  indi- 
vidual orders  for  seeds  and  did  not  enclose  money.  You  will  see  that 
the  directions  read  that  the  seeds  must  be  sent  for  by  the  teacher. 
Later  in  the  year  we  shall  send  to  your  teacher  some  special  directions 
for  gardening. 

Before  receiving  your  next  Leaflet  the  bird  migration  will  begin. 
I  wish  I  might  be  in  your  school  district  to  watch  with  you  the  return 
of  the  birds.  It  would  be  well  to  place  on  the  black  board  the  list  of 
the  birds  that  come  back  in  the  spring,  page  91.  Then  as  soon 
as  any  pupil  observes  one  of  these  birds  the  date  may  be  placed 
beside  the  name  on  the  board. 

This  has  been  a  long  tf.lk  by  the  fireside  but  you  all  look  so  warm 
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and  so  happy  and  so  interested  that  I  am  glad  I  did  not  make  it  shorter. 
Somehow  I  feel  that  you  are  going  to  write  to  me  about  some  of  the 
suggestions  I  have  made.  It  does  not  matter  whether  you  write  about 
Corn,  or  A  Farm  Map,  or  The  Food  of  the  Chickadee,  or  The  Migration 
of  Birds,  or  about  winter  insects;  I  shall  be  interested  in  any  one  of 
the  subjects.  You  may  be  sure  it  will  please  me  if  you  can  tell  me  of 
some  special  effort  you  have  made  in  self-control  or  in  self-sacriike. 

>^ow  let  us  not  talk  seriously  but  get  out  the  com  popper  and  have 
a  little  fun.  The  logs  have  burned  down  low  enough  for  us  to  pop  the 
com  well  and  you  all  look  as  hungry  as  winter  birds.  I  wonder  if  you 
know  why  com  pops?  Let  us  ask  Professor  Gilbert  next  month  to 
tell  us  why. 

Crackle  and  blaze, 

Crackle  and  blaze; 

There's  snow  on  the  housetops,  there's  ice  on  the  ways; 

But  the  keener  the  season 

The  stronger's  the  reason 
Our  ceiling  should  flicker  and  glow  in  thy  blaze. 

So  fire,  piled  fire, 

Leap,  fire,  and  shout; 

Be  it  warmer  within 

As  'tis  colder  without. 
And  as  curtains  we  draw  and  around  the  hearth  close. 
As  we  glad  us  with  talk  of  great  frosts  and  deep  snows, 
As  redly  thy  warmth  on  the  shadowed  wall  plays. 
We'll  say  Winter's  evenings  outmatch  Summer's  days, 
And  a  song,  jolly  roarer,  we'll  shout  in  thy  praise; 

So  crackle  and  blaze 

Crackle  and  blaze, 
While  roaring  the  chorus  goes  round  in  thy  praise. 

— William  Cox  Bennett. 
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Lesson  I 

STUDY  OF  INDIVIDUAL  EARS  OF  CORN 

Arthur  W.  Gilbert 

The  object  of  this  lesson  is  to  teach  the  similarities  and  differences 
in  ears  of  corn.  Ears  of  com  vary  greatly  in  yield  and  other  important 
characteristics,  so  that  the  farmer  must  use  care  to  select  the  best  for 
planting.  This  study  is  intended  to  give  boys  and  girls  an  apprecia- 
tion of  the  differences  in  ears  of  com  and  the  practical  value  of  knowl- 
edge of  these  differences. 

Each  pupil  should  be  supplied  with  ten  ears  of  dent  com,  ten  ears 
of  flint  com,  and  a  tape  measure.  One  pair  of  balances  sufficiently 
delicate  should  also  be  provided  for  the  class. 

Measure  the  ears  carefully  and  note  the  difference  in  the  measure- 
ments. The  addition  of  one  kernel  to  each  ear  by  selection  seems 
unimportant,  but  it  can  be  proved  by  calculation  that  the  addition  of 
an  extra  kernel  to  each  ear  of  com  grown  in  the  United  States  would 
increase  the  yield  by  5,200,000  bushels  in  a  single  year. 

After  each  ear  has  been  measured  its  germination  might  be  tested 
by  methods  given  in  the  Teacher's  Leaflet  for  September.  Each 
pupil  should  tabulate  his  results  so  that  they  may  be  quickly  and 
easily  compared. 

The  following  form  will  be  found  helpful: 

1 .  Name  of  variety 

2.  Dent,  flint,  sweet,  pop  (underline) 

3.  Where  grown 

4.  When 

5.  (a)  Length  of  ear 

(b)  Circumference  of  ear  (J  butt  to  tip) 

(c)  Weight  of  ear 

(d)  Number  of  rows 

(e)  Circumference  of  cob  (^  butt  to  tip) 

(f)  Weight  of  shelled  com 

(g)  Weight  of  cob 

(h)  Total  number  of  kernels 

(i)    Draw  typical  kernel  natural  size. 

6.  Make  germination  test  of  each  ear  (this  may  be  omitted). 

Questions. — 

I.  Why  is  it  important  that  an  ear  of  com  should  be  well  filled  out 
at  both  butt  and  tip? 

Digitized  by  VjOOQIC 


830  Rural  School  Leaflet 

2.  "Why  is  it  that  the  circumference  of  the  whole  ear  is  not  neces- 
sarily an  exact  indication  of  the  depth  of  the  kernels? 

3.  What  are  the  disadvantages  of  having  too  large  cobs? 

4.  By  what  method  may  the  total  number  of  kernels  per  car  be 
increased? 

5.  Why  is  a  germination  test  necessary? 

Lesson  II 

THE  FOOD  OP  THE  CHICKADEE 

Arthur  A.  Allen 

It  would  be  difficult  indeed  to  name  a  less  harmful  and  more  benefi- 
cial bird  than  the  chickadee.  Feeding  for  the  most  part  on  animal 
food,  it  destroys  large  numbers  of  injurious  insects.  All  day  long  the 
chickadee  continues  its  never-ending  search.  Tent  caterpillars,  canker- 
worms,  codling  moths,  forest-tent  caterpillars,  gipsy  and  brown-tail 
moths,  plant  lice,  scale  insects,  bark  beetles,  flea  beetles — in  fact  prac- 
tically all  of  our  orchard  and  shade  tree  pests  fall  before  its  voiadous 
appetite. 

The  large  number  of  insects  destroyed  by  the  chickadee  may  be 
lealized  when  it  is  known  that  a  single  meal  of  one  of  these  birds  con- 
sisted of  41  large  female  cankerworm  moths.  Another  bird  had  eaten 
278  eggs  of  the  same  species. 

By  its  fondness  for  the  habitation  of  man,  a  large  part  of  the  food 
of  the  chickadee  is  taken  directly  from  orchards  and  shade  trees.  Its 
presence,  however,  should  be  encouraged  through  the  hard  winters 
when  food  is  scarce  by  tying  pieces  of  suet  in  the  trees.  Such  energy 
will  not  be  illspent,  for  besides  feeding  upon  the  suet,  the  bird  will 
remove  thousands  of  eggs  of  the  cankerworm,  plant  lice,  and  the  like, 
which  are  passing  the  winter  in  the  neighboring  branches.  Cocoons 
will  be  ripped  open  and  the  contents  destroyed,  and  hibernating  beetles 
and  caterpillars  will  be  pulled  from  crevices  in  the  bark  where  they 
lie  concealed  from  eyes  less  keen  than  the  eyes  of  these  small  birds. 

Lesson  III 

FARM  MAP 

G.  F.  Warren 

Draw  a  map  of  your  home  farm,  showing  the  general  shape,  arrange- 
ment, and  relative  size  of  each  field,  also  location  of  the  farm  yard 
and  farm  buildings.    '»    e  drawing  need  not  be. exact  but  should  sho^ 
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the  approximate  arrangement  and  size  of  the  fields.     Make  an  unbroken 

line   ( )   round  each  field  that  is  fenced  and  a  broken  line — 

( )  around  fields  that  are  not  fenced.     Mark  in  each  field 

the  number  of  acres  and  the  crop  which  was  grown  last  year. 

Hang  these  maps  on  the  schoolroom  wall  so  that  they  can  be  seen 
by  all  the  pupils.  Compare  the  arrangement  of  the  different  farms 
in  respect  to  nearness  of  the  fields  to  buildings  and  convenient  shape 
of  fields. 

Find  what  crop  rotation  is  used  on  each  of  the  farms  and  mark  on 
each  field  the  crops  that  will  probably  be  grown  on  it  in  191 1,  191 2, 
1913,  1914,  and  following  years. 


MIGRATION  OF  BIRDS 


Date  of  Arrival 
Feb.  15-Mar.  10 


Purple  Grackle 

Rusty  Grackle 

Red-winged  Blackbird 

Robin 

Bluebird 
Mar.  10-20  Woodcock 

Phoebe 

^Meadow  Lark 

Fox-sparrow 

Cowbird 
Mar.  20-31  Wilson's  Snipe 

Kingfisher 

Mourning  Dove 

Swamp-sparrow 

Field-sparrow 
April  i-io  Great  Blue  Heron 

Purple  Finch 

Vesper-sparrow 

Savanna-sparrow 

Chipping-sparrow 

Tree  Swallow 

Myrtle  Warbler 

American  Pipit 

Hermit  Thrush 
April  io-'2o  Yellow-bellied  WoodpecRet 

Bam  Swallow 

Yellow  Palm  Warbler 

Pine  Warbler 

Louisiana  Water  Thrush 

Ruby-crowned  Kinglet 
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VICK'S  SEEDS  FOR  CHILDREN'S  GARDENS 
Price  One  Cent  per  Packet 


Post  Office 

State .  .  . 
Grade..  . 

School  No. 

Teacher. . . 

James  Vick's  Sons, 

189  Main  Street  East, 

Rochester,  N.  Y.; 

♦ 

Please  fill  our  order  for  the  following 

Flower  Seeds 

Asters 
Alyssum 
Bachelor's  Button 

Morning  Glc 
Nasturtium, 
Nasturtium, 

>rv 

Clim'\;>ing 
Dwarf 

Calliopsis 
Candytuft 
Dianthus  (Pinks) 

Pansy 

Petunia 

Phlox 

Four  O'clock. 

Marigold 

Mignonette 

Zinnia 

Poppy 
Scabiosa 
Sweet  Peas 

Vegetable  Seeds 

Beans 

Lettuce 

Beets 

Onions 

Carrots 

Radish 

Cucumbers 

Spinach 

. .  Sweet  Com 

Postage  two  cents  extra  for  every  twelve  packets  of  Flower  Seeds,  and  thiw 
cents  extra  for  every  twelve  packets  of  vegetable  seeds.  Lai^ge  orders  will  go 
cheaper  by  express,  charges  to  be  paid  by  the  purchaser.  No  orders  accepted 
for  less  tlian  one  dozen  packets. 

All  orders  must  be  sent  through  the  teacher. 
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PnblUhed  monthly  by  the  New  York  State  College  of  Amiculttffe  at  Cornell  UniTmity,  from 
September  to  May  and  entered  at  second-clase  matter^iirtwnbtf  30,  W?.  at  the  Poet  Office 
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Vol.  4      ITHACA.  N.  Y.,  APRIL-MAY,  191 1 No.  5 

LETTER  TO  BOYS  AND  GIRLS. 

Dear  Boys  and  Girls: 

I  HIS  is  the  last  Leaflet  for  the  year.  In  it  I  must 
try  to  have  you  see  the  possibiHties  for  you  in 
the  open  country  during  the  spring  and  sum- 
mer days.  To  be  a  boy  or  a  girl,  free  to  live 
cut  of  doors,  in  all  kinds  of  wind  and  weather, 
^aniong  wayside  blossoms  or  forest  trees,  out  in 
I  the  hay  fields  or  working  in  the  garden,  is  to 
be  rich  indeed.  Some  persons  go  through  life 
and  never  find  these  joys,  but  the  boys  and  girls 
who  are  working  with  us  are  going  to  know  them  and  to  love  them 
through  the  coming  spring  and  summer. 

We  want  every  boy  and  girl,  whether  in  city  or  country,  to  have  a 
notebook  for  out-of-door  records.  Not  long  ago  I  saw  a  notebook  giving 
a  record  of  birds  and  flowers  which  was,  I  think,  about  thirty-eight  years 
old.  The  boy  who  made  this  notebook,  recording  what  he  found  in 
field  and  in  forest,  has  since  become  a  great  man,  doing  a  splendid  life 
work  that  will  be  of  value  to  boys  and  girls  hundreds  of  years  to  come. 
As  I  looked  at  this  notebook  I  could  not  but  think  that  some  of  the  rich 
spirit  which  he  now  has  was  helped  in  its  growth  by  his  close  association 
with  nature.  By  such  means  would  I  enrich  the  life  of  every  boy  and 
girl  in  the  world.  It  is  a  great  thing  to  get  into  your  spirit  the  winds  and 
the  rain  and  the  sun,  to  have  knowledge  of  the  stars,  a  close  touch  with 
the  birds  and  the  flowers,  with  the  brooks  and  the  hills.  All  of  these 
impressions  must  be  deepened  when  a  record  is  kept  of  them,  and  I  would 
encourage  our  boys  and  girls  to  get  into  the  habit  of  recording  experi- 
ences.   To  write  every  day  brings  with  it  development  that  we  can  get  in 
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no  other  way.    Try  it.    You  will  be  glad  to  own  your  notebooks  yean 
hence. 

The  happy  people  in  the  world  are  the  busy  people.  Set  yom>t: 
some  task  in  connection  with  your  home  for  the  coming  year.  We  hi\. 
asked  you  to  make  gardens ;  be  sure  that  your  garden  thrives  during  t!.. 
summer  and  is  not  a  neglected  piece  of  ground.  Form  the  habit  li 
finishing  any  piece  of  work  that  you  begin. 

In  this  Leaflet  we  give  suggestions  for  several  things  to  do  on  th^ 
farm  during  the  summer.  The  suggestions  on  poultry,  rural  art,  fan:. 
crops,  dairying,  and  domestic  science  are  made  by  persons  who  are  teach- 
ing these  subjects  in  the  State  College. 

Faithfully  yours, 


Q&^-^ 'hcc  ei^rj^ 


BIRD  STUDY 

Children  very  often  write  to  us  asking  us  to  tell  them  X:tit^  name  of 
a  bird.  They  give  but  few  facts  and  often  from  these  facts  we  are  rif : 
able  to  tell  what  the  bird  is.  Ask  the  teacher  to  have  the  follo\\ir^^ 
simple  outline  placed  on  the  blackboard,  allowing  it  to  remain  there  dur- 
ing the  year ;  then,  when  boys  and  girls  write  for  information  atxwit  a 
bird,  they  should  send  the  description  according  to  this  outline: 

1.  Where  seen  —  in  a  tree  or  on  the  ground. 

2.  Size  —  compare  with  the  sparrow,  robin,  or  crow. 

3.  General  color  above  and  below. 

4.  Any  striking  colors  or  other  features,  such  as  long  bill,  long  leg?. 
and  the  like. 

5.  Song  or  call  notes. 

All  children  should  come  to  know  birds.  They  are  valuable  to  the 
farmer  and  of  great  interest  to  anyone  who  makes  an  effort  to  knou 
them.  We  hope  our  boys  and  girls  will  watch  the  birds  during  the 
coming  springtime  and  send  a  description  to  us  of  any  that  you  canri't 
name.  Two  that  we  should  like  to  have  you  look  for  this  year  are  the 
bluebird  and  the  Maryland  yellow-throat.  When  you  see  either  of  the>t' 
birds  write  and  tell  us  all  that  you  can  about  it  Learn  the  quoUtions 
given. 
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Bluebird 

Size. —  Larger  than  an  English  sparrow, 
smaller  than  a  robin.  ^^ 

General  color, — Above  blue ;  throat  and 
breast  brownish  red;  belly  white.  ^ 

Distinctive  features, — The  general  color 
will   distinguish  this  bird. 

**The  world  rolls  round  —  mistrust  it  not, 

Befalls  again  what  once  befell; 
All  things  return,  both  sphere  and  mote, 

And  I  shall  hear  my  bluebird's  note, 
And  dream  the  dream  of  Auburn  dell." 

— Ralph  Waldo  Bmerton 


Maryland  yellow-throat 


Bluebird 

Maryland  yellow- 
throat 

Size. — Smaller  than 
an  English  sparrow. 

General  color. — 
Olive-green  above; 
yellow  below. 

Distinctive  fea- 
tures,—  The  black 
*' robber  mask" 
bordered  by  gray  and 
the  yellow  underparts 
will  identify  this  bird. 

"A  living  sunbean, 
tipped  with  wings; 

A  spark  of  light  that 
shines  and  sings 

Witchery — ^w  itche  ry — 
witchery." 

— Henry  Van  Dyke 


POULTRY 

L — Selectinc  and  Keeping  Eggs  for  Hatching 
JAMES  E.  RICE 
Now  is  the  time  to  begin  to  improve  the  quality  of  your  poultry  and 
eggs.     Large,  pure  white  or  pure  brown  eggs  bring  several  cents  per  dozen 
more  in  the  best  markets  than  do  eggs  varying  in  size,  shape  and  colO^lc 
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To  produce  eggs  that  will  sell  for  the  highest  price,  first,  keep  pure- 
bred poultry,  which  lay  eggs  more  uniform  in  size,  shape,  and  cxte^r  zL^^ 
do  common  mongrel  or  cross-bred  fowls;  second,  use  for  hatchir,.g  ctL; 
eggs  that  weigh  2  to  2J4  ounces  each,  of  uniform  color,  perfect  f^h-Lr^ 
and  having  a  smooth,  firm  shell.  A  hen  usually  lays  eggs  tbat  arc  rzc- 
stantly  similar  in  size,  shape,  and  color.  The  kind  of  ^gs  used  for  risi:h- 
ing  will  likely  determine,  in  the  case  of  pure-bred  poultry,  the  kini  •:: 
eggs  the  progeny  will  lay.  Therefore,  for  hatching  use  the  Idnd  of  e^^- 
that  will  bring  the  most  profit    It  will  pay  to  do  this. 

II. —  Food  for  Laying  Hsns 
W.  G.  KRUM 
In  the  morning,  give  to  thirty  hens  about  one  pint  of  mixed  grain  in  1 
deep  litter,  and  at  night  all  that  they  will  clean  up,  consisting  apprrxi- 
mately  of  one  pound  oats,  two  pounds  cracked  corn,  two  pounds  whe:L:. 
At  noon  give  green  food.  From  noon  until  night  keep  before  the  f .  -  .> 
in  a  self- feeding  hopper,  corn  meal  six  pounds,  bran  three  pounds,  wh^i: 
middlings  six  pounds,  meat  scraps  five  pounds,  oil  meal  one  pound,  al- 
falfa meal  one  pound.  Plan  to  have  them  average  about  one  pound  : 
ground  feed  to  two  pounds  of  grain.  Have  plenty  of  grit,  shell,  and  f re^h 
water  before  the  fowls  at  all  times. 

III. —  Care  of  Young  Chickens 
CLARA  NIXON 

Chickens  should  be  fed  for  the  first  time  thirty-six  to  forty-eigh: 
hours  after  hatching.  All  food  should  be  compounded  by  weight.  A 
good  method  of  feeding  is  as  follows : 

I  to  3  days, —  8  parts  bread  crumbs,  8  parts  rolled  oats,  3  parts  siftel 
beef  scrap,  i  part  bone  meal,  slightly  moistened  with  sour  milk.  Feed 
five  times  a  day.  » 

Grain  mixture:  3  parts  cracked  wheat,  2  parts  fine  cracked  corn,  i 
part  pinhead  oats. 

Leave  before  chickens  in  shallow  tray  containing  a  sprinkling  of  bran 
Fine  grit  or  sharp  sand,  fine  granulated  charcoal,  and  shredded  green 
food  should  be  scattered  over  the  grain  mixture. 

3  days  to  3  weeks. —  Discontinue  the  bread  crumb  mixture.  Feed 
mash  of  8  parts  bran,  3  parts  corn  meal,  3  parts  wheat  middlings,  4  parti 
sifted  beef  scrap,  i  part  bone  meal,  moistened  with  sour  milk.  Feed 
three  times  a  day  in  shallow  trays.  Scatter  the  grain  mixture  in  light 
litter  twice  a  day.  Keep  mash  (dry)  before  the  chickens  in  a  tray. 
Place  grit,  charcoal;  and  fine  granulated  bone  in  a  separate  dish.  Plenty 
of  green  food  and  water  must  be  given.     Let  the  chickens  out  of  the 
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brooder,  or  coop,  in  fine  weather,  as  soon  as  they  can  find  their  way  back. 
After  three  weeks,  reduce  the  bran  in  the  mash  to  three  parts,  giving 
fewer  meals  as  the  chickens  grow  older;  also,  give  larger  grain  in  litter 
as  soon  as  the  chickens  can  eat  it. 

Be  careful  that  the  chickens  are  never  chilled,  nor  over-heated. 

IV. —  Preserving  Eggs  in  Water-Glass     (Sodium  Silicate) 

C.  A.  ROGERS 

Water-glass  provides  an  excellent  means  of  preserving  the  surplus 
spring  and  summer  eggs  for  fall  and  winter  use.  These  eggs  do  not 
take  the  place  of  fresh-laid  ones  for  table  use,  but  are  satisfactory  for 
cooking; 

Dilute  the  commercial  *'  N "  grade  of  "  water-glass "  with  nine 
times  Its  amount  of  clean  boiled  water  cooled  before  using.  Keep  this 
solution  in  tight  earthen  or  wooden  jars. 

Only  fresh,  clean  eggs  should  be  preserved.  The  jars  should  be 
covered  and  kept  in  a  cool  place.  The  level  of  the  liquid  should  always 
be  kept  above  that  of  the  eggs  by  adding  water  as  needed.  For  twelve 
dozen  eggs  it  requires  a  four  gallon  jar,  one  and  one-half  pints  of 
"  water-glass,"  and  fourteen  pints  of  water. 

RURAL  ART 
BRYANT  FLEMING 

I  have  been  asked  to  give  you  one  thought  or  idea  to  consider  and 
if  possible  to  work  out  during  the  coming  summer,  but  instead  of  one 
I  am  going  to  give  you  two.  Either  one  will  be  useful  to  you,  and  when 
you  add  them  together  —  the  one  plus  the  other  —  you  will  not  get 
two,  as  in  arithmetic,  but  one  and  that  one  a  good  picture. 

You  might  first  like  to  know  who  is  going  to  tell  you  these  things. 
Well,  I  am  a  young  man,  not  long  out  of  school,  who  is  trying  to  teach 
persons  to  love  their  surroundings  and  to  make  the  country  more 
beautiful. 

Now  for  what  I  want  to  tell  you.     Try  to  remember  these  two  things : 

1.  Things  that  are  beautiful  must  be  clean. 

2.  Things  that  are  beautiful  must  be  orderly. 

Beauty  such  as  we  like  to  see  in  our  school  yards  and  home  grounds 
cannot  exist  unless  we  have  orderliness  and  cleanliness.  If  our  yards 
are  not  clean  and  in  order  they  are  ugly,  and  no  one  enjoys  ugly  things. 

Let  me  ask  you  to  compare  your  school  yard  or  home  ground  with 
your  mother's  sitting-roorri.  The  sitting-room  carpet  is  smooth.  Mother 
sweeps  it  clean  and  then  carefully  arranges  the  chairs  and  table  in' 
groups  about  the  room  in  such  a  way  as  to  leave  the  center  of  ^r^WWlp 
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more  or  less  free  and  open.    You  like  it  because  it  is  clean  and  orderly 
and  has  restful  open  spaces. 

Now  compare  the  grass  with  the  sitting-room  carpet  and  the  ix>sition 
of  shrubs  and  flowers  with  the  position  of  the  furniture.  Will  you  no: 
want  to  make  the  outside  of  house  or  school  as  clean  and  orderly  and  as 
restful  in  the  open  spaces  as  your  sitting-room?  Keep  the  grass  nicely 
cut  and  raked  free  of  dirt  and  litter,  a^  mother  does  the  carpet,  and. 
if  you  can  find  some  nice  trees  or  shrubs  to  plant,  or  flowers  to  sow,  re- 
member the  sitting-room  furniture  and  do  not  scatter  them  over  the  grass, 
but  place  them  around  the  edges  of  the  great  out-of-door  room  in  masses 
or  in  groups,  and  soon  you  will  have  something  that  is  a  beautiful  picture 
—  beautiful  because  it  is  clean  and  shows  thought  and  order. 

I. — Farm  Crops 
J.  L.  STONE 
As  a  boy,  growing  up  on  a  farm,  I  was  allowed  the  use  of  a  piece  of 
ground  in  the  garden  upon  which  I  grew  onions,  and  by  this  means  wa> 
enabled  to  have  some  money  of  my  own  earning.  This  plan  worked 
very  well  with  me  and  I  should  think  it  might  offer  very  good  opportuni- 
ties for  other  boys  on  the  farm.  Many  other  crops  that  might  be  adapted 
to  the  particular  land  to  be  used  or  that  the  father  could  instruct  the  lad 
how  to  grow  might  serve  as  well.  I  think  it  is  well  worth  while  for  a 
boy  to  have  an  enterprise  of  this  nature  of  his  own  and  to  be  allowed  to 
reap  the  benefits  for  himself. 

II. — ^A  Vegetable  Garden 
PAUL  WORK 
I  should  like  to  suggest  to  boys  and  girls  on  the  farm  that  they, grow 
a  crop  of  vegetables  on  a  small  plot  of  ground.    If  a  bit  of  good  garden 
soil  that  can  be  well  manured  is  available,  I  should  suggest  onions  sown 
in  drills  about  fifteen  inches  apart,  and  carefully  cultivated  by  hand  or 
with   a   wheel   hoe   throughout   the   season.     Or,   perhaps,    cabbage  or 
tomatoes  might  be  better  adapted  to  ordinary  field  soils  and  might  be 
easier  to  dispose  of  under  conditions  that  prevail  in  certain   localities. 
!  Weeds  should  be  kept  out  as  nearly  as  possible. 

I  III.—  Why  Corn  Pops 

!  A.  W.  GILBERT 

I  All  boys  and  girls  have  made  pop  corn.  Did  you  ever  wonder  what 

made  the  corn  change  its  form  so  quickly  and  completely  when  it  is  put 

on  the  stove  ? 
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To  understand  this,  let  us  take  some  kernels  of  pop  corn,  cut  them 
in  two  and  study  their  structure.  First  of  all,  it  will  be  seen  that  the 
kernels  are  surrounded  by  a  hard  horny  covering.  The  interior  of  the 
kernels  is  filled  with  white  starch  grains  closely  packed  together. 

When  heat  is  applied  to  the  kernels,  the  moisture  which  is  always 
present  on  the  inside  of  the  kernels  is  developed  into  steam.  This 
causes  pressure.  The  hard  coat  is  able  to  withstand  this  pressure  for  a 
time,  but  finally  the  pressure  becomes  so  great  that  the  kernel  bursts 
open.  The  sudden  release  of  the  starch  grains  causes  them  to  swell  and 
present  the  fluffy  appearance  characteristic  of  pop  corn. 

If  the  corn  is  not  sufficiently  dry  the  coat  is  not  hard  enough  to  retain 

the  steam,  and  if  it  is  too  old  and  dry  there  is  not  sufficient  moisture 

to  produce  the  necessary  pressure,  so  that  such  corn  does  not  pop  well. 

Pop  some  corn  and  watch  it  carefully,  having  in  mind  the  reason  why 

it  pops. 

IV. —  Destroying  Weeds 
PAUL  WHITE 
Burdock. —  The  burdock  lives  two  years.     It  does  not  bloom  until 
the  second  year.    Cut  the  plant  off  just  below  the  surface  of  the  ground 
the  first  year.     If  the  plant  is  not  removed  until  the  second  year,  it 
should  be  cut  at  the  time  of  flowering  and  before  the  burrs  have  "formed. 
Wild  carrot. —  This  plant  lives  but  two  years  and  produces  no  seeds 
the  first  year.    Cut  the  plants  near  the  ground  at  the  time  of  blooming 
and  before  seeds  are  formed.    If  new  branches  are  produced,  cut  these 
off  as  they  blossom.     Place  stakes  near  the  plants  thus  treated  and 
watch  the  plants  the  next  year. 

Canada  thistle. —  Cut  the  plant  below  the  surface  of  the  ground  with 
a  sharp  knife  and  put  a  tablespoonful  of  salt  on  the  fresh  cut. 

Paint  brush. —  Measure  off  a  square  rod  in  the  pasture  where  this 
weed  is  growing.  Weigh  out  twenty  pounds  of  salt,  and  some  bright 
morning  while  the  dew  is  still  on  the  grass  sow  the  salt  evenly  over 
the  square  rod  of  surface.  Does  the  salt  kill  the  paint  brush  ?  Does  it 
injure  the  grass? 

DAIRY  LESSON 
W.  A.  STOCKING.  Jr. 
Select  what  you  think  to  be  your  best  cow  and  your  poorest  cow. 
Weigh  or  measure  the  milk  produced  by  each  of  these  two  cows  for 
one  or  three  days  each  month,  and  from  this  data  calculate  the  amount 
of  milk  given  by  each  cow  for  the  entire  month.  If  you*  are  selling 
your  milk  on  the  fat  test,  take  samples  for  testing  and  determine  the 
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percentage  of  fat  and  calculate  the  amount  of  butter  fat  given  by  each 
cow  for  the  month.  If  there  is  a  testing  outfit  at  your  school,  you  can 
test  your  samples  there;  if  not,  you  can  probably  get  them  tested  for 
you  at  the  creamery. 

Assuming  that  it  costs  the  same  to  keep  each  of  these  two  cows. 
how  much  more  profitable  is  one  than  the  other?  If  possible,  take 
these  records  for  the  entire  year  and  then  figure  the  diflFerence  in  the 
value  of  the  two  cows  as  determined  by  the  amount  of  milk  or  butter 
fat  each  has  produced. 

FARM  MANAGEMENT 
G.  F.  WARREN. 

1.  Qean  up  old  machinery,  boards,  and  the  like,  in  the  yard. 

2.  Pile  all  the  lumber  that  is  worth  saving  in  one  place. 

3.  Pile  all  the  lumber  and  rubbish  that  is  good  for  firewood  only 
in  one  place. 

4.  Cut  out  the  dead  limbs  in  the  trees  in  the  yard,  but  do  not  prune 
the  trees  too  severely. 

5.  Fix  up  all  the  leaky  eave  troughs. 

6.  Fix  all  the  door  latches  in  the  house  so  that  they  work  easily. 
If  the  doors  stick  so  that  they  will  not  open,  fix  them. 

7.  Fix  up  the  door  steps. 

8.  Arrange  the  garden  so  that  all  work  can  be  done  with  horses. 

9.  Plant  a  few  flowers  or  shrubs  from  the  woods  in  the  yard.  Put 
them  in  groups  but  not  in  the  center  of  the  lawn,  which  should  be  kept 
clear  so  that  it  will  be  easy  to  mow  and  will  look  better. 

HOME    ECONOMICS 

Ten  Suggestions  for  Girls 
MISS  ROSE  AND  MISS  VAN  RENSSELAER 

1.  Canning  fruits  and  vegetables. —  Read  Farmers'  Bulletins  Nos.  175 
and  359,  Department  of  Agriculture,  Washington,  D.  C,  and  see  whether 
you  cannot  make  the  nicest  row  of  jellies,  canned  fruits,  and  vegetables 
that  were  ever  found  in  your  cellar.  If  you  would  like  some  pin  money, 
you  will  find  your  friends  in  town  will  want  to  purchase  your  products 
because  you  have  a  better  opportunity  than  they  to  put  up  fruits  and 
vegetables. 

2.  Making  a  garden, — Ask  for  a  quarter  of  an  acre  or  more  in  which 
to  make  a  garden  all  your  own.  You  will  be  interested  to  know  how  it 
makes  one  grow  to  work  with  plants  in  one's  own  garden.  A  woman 
told  me  her  husband  gave  her  an  acre  of  land  to  see  what  she  could 
make  upon  it.  She  lived  near  a  good  market.  At  the  end  of  the 
year  she  had  made  more  money  than  her  husband  on  his  entire  farm. 

3.  Pouttry  raising. —  Girls  seem  to  have  the  knack  of  making  a  suc- 
cess of  poultry  raising.      If  you  cannot  start  with  a  large  fl'Kk,  take 
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some  broody  hens  from  the  farm  roost,  and  with  a  few  good  settings 
of  eggs  see  how  much  you  can  make  in  one  season.  Try  to  get  a  better 
looking  flock  than  the  old  one.  It  will  do  you  good  to  hear  them  express 
themselves  because  you  have  fed  them  well  and  made  them  happy. 

4.  Household  accounts. —  Perhaps  father  and  mother  have  not  time 
to  keep  the  farm  and  household  accounts.  Every  business  succeeds  bet- 
ter when  this  is  done.  This  is  as  true  of  the  household  business  as  of  the 
farm  business.  The  daughter  of  the  household  may  become  a  good 
bookkeeper,  and  thus  save  many  dollars  on  the  farm. 

^.  Making  bread, —  Undertake  to  make  all  the  bread  the  family  uses 
durmg  the  summer.  Read  Farmers'  Bulletin  No.  389,  Department  of 
Agriculture,  Washington,  D.  C,  on  Bread  Making.  It  is  a  great  art 
to  be  an  expert  bread  maker,  and  a  summer's  experience  may  accom- 
plish results  worth  while. 

6.  Planning  winter  wardrobe. —  It  is  a  great  relief  to  start  the  winter 
with  all  one's  clothing  in  good  condition.  Look  over  last  year's  clothes 
and  see  whether  they  need  repairing,  and  plan  a  simple  wardrobe  for 
next  winter.  Often  our  clothes  are  not  what  we  wish  them  because 
we  do  not  take  enough  time  to  plan. 

7.  Screening  the  house. —  We  read  everywhere  about  the  dangerous 
house  fly  that  may  cause  typhoid  fever.  Undertake  the  screening  of  the 
house  so  that  no  fly  which  might  bring  a  germ  of  disease  into  the  house 
can  find  its  way  through  any  crevice. 

8.  Camping  and  tramping. —  Summer  is  an  excellent  time  to  find  out 
what  a  beautiful  country  we  live  in.  Wear  a  stout  suit,  find  all  the 
beautiful  places  anywhere  near  you,  and  show  them  to  your  friends. 
Keep  your  eyes  open  on  the  trip.    Teach  your  brothers  camp  cookery. 

9.  Read  three  good  books. —  There  are  books  for  summer  and  books 
for  winter.  Read  good  books  that  will  make  you  enjoy  more  all  the 
camping  and  tramping  trips  that  you  are  to  take. 

10.  A  vacation  for  father  and  mother. —  You  will  learn  more  about 
housekeeping  than  you  ever  knew  if  you  send  your  mother  away  with 
father  for  a  vacation  and  take  all  the  household  responsibility  yourself. 
Incidentally,  mother  and  father  will  have  a  good  time  and  come  back 
feeling  better  than  they  have  in  years. 

BOYS'  AND  GIRLS'  CORN  EXHIBIT  FOR  FARMERS'  WEEK, 

1911 

The  Corn  Exhibit  from  the  rural  schools  of  the  State  was  much 
larger  and  more  satisfactory  than  that  of  preceding  years.  The  chil- 
dren who  made  the  effort  to  send  material  to  the  College  deserve  a 
great  deal  of  credit.  We  feel  grateful  to  them  for  their  interest,  and 
are  much  encouraged  by  the  fact  that  they  were  willing  to  help  other 
schools  by  showing  what  their  school  has  accomplished  in  the  study  of 
corn.     Following  is  a  report  of  the  exhibit. 

Scneca  Sharp  Eyes,  Seneca,  Ontario  county.  First  prize  total 
exhibit, 

6  ears  yellov.-  den*^  —  Pirst  Prize  individual  dent 
6  ears  white  cap  deirt 
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6  ears  red  flint 

6  ears  yellow  flint 

6  ears  red  glaze  white  flint 

6  ears  white  pop  —  Second  prise  individual  pop 

District    No.  i,  White   Creek,  Washington  county,  James   T.   Allen, 
teacher.    Second  prize  total  exhibit, 

6  ears  yellow  flint  —  Frederick  L.  Masten 

6  ears  yellow  flint  —  Ralph  Barber 

6  ears  yellow  flint  —  Qarence  Masten 

6  ears  yellow  flint  —  Flossie  M.  Luke 

6  ears  yellow  flint  —  Peter  Meerwarth 

6  ears  red  glaze  white  flint  —  Ralph  Masten 

6  ears  red  glaze  white  flint  —  Chloe  and  Myra  Sisson 

3  ears  black  pop  —  Jean  Q.  Niles 

3  ears  white  pop  —  Jean  Q.  Niles 

3  ears  yellow  pop  —  Jean  Q.  Niles 

3  ears  white  pop  —  Edith  J.  Barber 

4  ears  red  pop  —  Edith  J.  Barber  —  Third  prise  individual  pop 
2  ears  yellow  pop  —  Edith  J.  Barber 

District  No.  3,  York,  Livingston  county,  D.  H.   Walker,    teacher. 
Third  prize  total  exhibit. 

6  ears  white  dent  —  Second  prize  individual  dent 

6  ears  white  dent  —  Frank  Parrow 

6  ears  yellow  flint  —  Frank  Little 

6  ears  red  flint  —  Tom  McQuilkin  —  Third  prize  individual  Hint 

6  ears  red  flint  —  Bert  Hungerford 

6  ears  red  flint  —  Henry  Walker 

District  No.  13,  Wolcott,  Wayne  county,  J.  C.  Sherman,  teacher. 
6  ears  white  cap  dent  —  Kenneth  and  Harold  Sharp 
6  ears  white  cap  dent  —  George  Ely 
6  ears  yellow  flint  —  Willard  Rounseville 
6  ears  mixed  red  and  yellow  flint  —  Inez  Boston 
6  ears  white  pop  —  Mary  Boston  —  First  prize  individual  pop 

District  No.  10,  Town  of  Perinton,  Monroe  county,  Marion  Meade, 
teacher. 

6  ears  white  dent  —  Third  prise  individual  dent 
6  ears  red  flint 
6  ears  yellow  flint 

5  ears  miscellaneous  flint 

District  No.  3,  Rose  Hill  school,  Fayette  town,  Seneca   county,  S. 
Eschnour,  teacher. 

6  ears  white  cap  dent  —  Martin  H.  Smith  , 
6  ears  yellow  dent  —  Frank  Rahn 

6  ears  yellow  flint 
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District  No.  14,  Kingsbury,    Washington  county,  Miss  Ora  E.  Wil- 
son, teacher. 
6  ears  yellow  dent 
6  ears  yellow  flint 

5  miscellaneous  flint  ears 

District  No.  9,  Lowville,  Lewis  county,  Matthew  Bowman,  trustee. 

6  ears  yellow  flint 
6  ears  yellow  flint 
6  ears  yellow  pop 

District   No.    17,   West   Berne,   Albany   county,   Anna   C.    Shultes, 
teacher,  S.  T.  White,  Commissioner. 

1  ear  yellow  flint  (extra  large) 

2  ears  yellow  flint 

1  ear  white  flint 

2  ears  yellow  dent 

District  No.  12,  Massena,   St.  Lawrence  county.  May  E.  Richmire, 
teacher,  A.  J.  Fields,  Commissioner. 

6  ears  yellow  flint 
6  ears  yellow  flint 

District  No.  11,  Ouaquaga,  Broome  county,  Wm.  F.  Lange,  teacher. 
6  ears  Halls  gold  nugget 
6  ears  yellow  flint 

District  No.  14,  Maine,  Broome  county,  Lynn  De  Lano,  teacher. 
6  ears  yellow  flint 

4  ears  yellow  flint 

District  No.  2,  Greenfield   Center,  Saratoga  county,  Mina  Angell, 
teacher,  Mr.  Elixman,  Commissioner, 
6  ears  yellow  flint  —  Lewis  Haines 

5  ears  yellow  flint — Agnes  Greene  • 

6  potatoes  —  Green  Mountain  —  J.  F.  Angell 

District  No.  8,  Clinton  Comers,  Dutchess  county.  Miss  Clara  E. 
Drum,  teacher. 

6  ears  yellow  flint  —  Harrie  J.  Lovelace  —  First  prise  individual  flint 
6  ears  yellow  flint  —  Carl  R.  Griffin  —  Second  prise  individual  Hint 
6  ears  yellow  flint  —  Edwin  Thompson 
6  ears  yellow  flint  —  Edward  P.  Sitzer 

Conewango,   Cattaraugus  county,   Philema  Aldrich,  teacher,  E.  A. 
Stratton,  Commissioner. 
14  ears  com  of  different  types 
8  potatoes  of  different  sorts 
Exhibit  of  nuts 
Exhibit  of  seeds 
Exhibit  of  birds'  nests 
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Received  too  late  for  exhibition: 

District  No.  lo,  Town  of  Bangor,  Franklin  county,  Bemice  Wilson, 
teacher. 

6  ears  early  San  ford  white  flint 
6  ears  red  rice  pop  com 
6  ears  white  rice  pop  corn 
6  ears  black  pop  corn 
6  ears  early  sweet    corn 
6  ears  red  flint 
6  ears  yellow  rice  pop  corn 
6  ears  red  and  yellow  flint 
6  ears  yellow  flint 
6  ears  white  flint 

District  No.  8,  Varick  township,  Romulus,  Seneca  county,  Mrs.  Grid- 
ley,  teacher,  J.  B.  Lisk,  trustee. 

S  ears  red  flint 

S  ears  white  dent 

5  ears  white  cap  dent  8  rows 

5  ears  white  cap  dent  8  rows 

S  ears  white  cap  dent  i8  rows 
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THE  POINT  OP  VIEW* 
L.  H.  Bailey 

A  FUNDAMENTAL  necessity  to  successful  living  is  to  be  in  sym- 
pathy with  the  nature-environment  in  which  one  is  placed.  This 
sympathy  is  born  of  good  knowledge  of  the  objects  and  phenomena  in 
the  environment.  The  process  of  acquiring  this  knowledge  and  of  arriv- 
ing at  this  sympathy  is  now  popularly  called  nature-study. 

The  nature-study  process  and  point  of  view  should  be  a  part  of  the 
work  of  all  schools,  because  schools  train  persons  to  live.  Particularly 
should  it  be  a  part  of  rural  schools,  because  the  nature-environment  is  the 
controlling  condition  for  all  persons  who  live  on  the  land.  There  is  no  ef- 
fective living  in  the  open  country  unless  the  mind  is  sensitive  to  the 
objects  and  phenomena  of  the  open  country;  and  no  thoroughly  good 
farming  is  possible  without  this  same  knowledge  and  outlook.  Gool 
farmers  are  good  naturalists. 

For  many  years  it  has  been  one  of  the  purposes  of  the  College  of 
Agriculture  in  New  York  to  point  the  way  to  this  nature-sympathy; 
and  inasmuch  as  this  nature-sympathy  is  fundamental  to  all  good  fanii 
ing,  it  was  conceived  that  the  first  duty  of  any  movement  was  to  lend 
the  effort  to  the  establishing  of  an  intelligent  interest  in  the  whole  en- 
vironment,—  to  knowledge  of  fields  and  weather,  trees,  birds,  fish,  f rogN 
soils,  domestic  animals.  It  would  be  incorrect  to  begin  first  with  the 
specific  agricultural  phases  of  the  environment,  for  the  agricultural 
phase  (as  any  other  special  phase)  needs  a  foundation  and  a  base:  it  is 
only  one  part  of  a  point  of  view.  Moreover,  to  begin  with  a  discussion  of 
the  so-called  "  useful "  or  *'  practical  "  objects  as  many  advise,  would  be 
to  teach  falsely,  for,  as  these  objects  are  only  part  of  the  environment. 
to  single  them  out  and  neglect  the  other  subjects  would  result  in  a  partial 
and  untrue  outlook  to  nature;  in  fact,  it  is  just  this  partial  and  preju- 
diced outlook  that  we  need  to  correct. 

In  our  own  work,  we  have  always  had  in  view  the  agricultural  aim 
or  application.  We  should  have  been  glad  if  there  had  been  sufficient 
nature-study  sentiment  to  have  enabled  us  to  confine  ourselves  to  the 
agricultural  aim;  but  this  sentiment  had  to  be  created  or  quickened, 
and  we  have  tried  to  contribute  our  part  toward  accomplishing  this 
result.  At  first  it  was  impossible  to  secure  much  hearing  for  the  agri- 
cultural subjects.  Year  by  year  such  hearing  has  been  more  readily 
given,  and  the  work  has  been  turned  in  this  direction  as  rapidly  as  the 
conditions  would  admit, —  for  it  is  the  special  mission  of  an  agricultural 
college  to  extend  the  agricultural  applications  of  nature-study.    In  later 

*  Reprinted  from  the  September,  IQ07,  Leaflet  ^  , 
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years  the  content  of  the  work  has  had  very  direct  relation  to  farm-life 
questions.  The  time  has  now  come,  we  think,  when  we  can  devote 
practically  all  our  energies  to  this  application.  It  is  the  purpose  of  this 
Leaflet  to  aid  the  teacher  in  the  rural  school  to  work  out  the  practical 
daily  problem  of  teaching  agricultural  subjects. 

In  doing  this,  we  merely  confine  ourselves  to  our  more  special  field. 
The  general  nature-study  outlook  is  fundamental,  and  we  shall  continue 
to  emphasize  it ;  but  we  feel  that  the  appreciation  of  this  outlook  is  now 
so  well  established  as  to  allow  us  to  specialize.  The  Education  Depart- 
ment has  issued  syllabi  for  agriculture  and  nature-study;  we  desire  to 
be  useful  in  applying  them  to  the  conditions  and  needs  of  country  life. 
Schools  here  and  there  are  ready  for  agricultural  work:  we  want  to 
help. 

In  making  these  statements  we  have  in  mind  that  the  common 
schools  do  not  teach  trades  and  professions.  We  do  not  approach  the 
subject  primarily  from  an  occupational  point  of  view,  but  from  the 
educational  and  spiritual ;  that  is,  the  man  should  know  his  work  and  his 
environment.  The  mere  giving  of  information  about  agricultural  ob- 
jects and  practices  can  have  very  little  good  result  with  children.  The 
spirit  is  worth  more  than  the  letter.  Some  of  the  hard  and  dry  tracts 
on  farming  would  only  add  one  more  task  to  the  teacher  and  the  pupil 
if  they  were  introduced  to  the  school,  making  the  new  subject  in  time 
as  distasteful  as  arithmetic  and  grammar  often  are.  In  this  new 
agricultural  work  we  need  to  be  exceedingly  careful  that  we  do  not  go 
too  far,  and  that  we  do  not  lose  our  sense  of  relationships  and  values. 
Introducing  the  word  agriculture  into  the  scheme  of  studies  means  very 
little ;  what  is  taught,  and  particularly  how  it  is  taught,  is  of  the  great- 
est moment.  We  hope  that  no  country-life  teaching  will  be  so  narrow 
as  to  put  only  technical  farm  subjects  before  the  pupil. 

We  need  also  to  be  careful  not  to  introduce  subjects  merely  because 
practical  grown-up  farmers  think  that  the  subjects  are  useful  and  there- 
fore should  be  taught.  Farming  is  one  thing  and  teaching  is  another. 
What  appeals  to  the  man  may  not  appeal  to  the  child.  What  is  most  use- 
ful to  the  man  may  or  may  not  be  most  useful  in  training  the  mind  of  a 
pupil  in  school.  The  teacher,  as  well  as  the  farmer,  must  always  be  con- 
sulted in  respect  to  the  content  and  the  method  of  teaching  agricultural 
subjects.  We  must  always  be  alert  to  see  that  the  work  has  living 
interest  to  the  pupil,  rather  than  to  grown-ups,  and  to  be  on  guard  that  it 
does  not  become  lifeless.  Probably  the  greatest  mistake  that  any  teacher 
makes  is  in  supposing  that  what  is  interesting  to  him  is  therefore  inter- 
esting to  his  pupils. 
All  agricultural  subjects  must  be  taught  by  the  nature-study  method, 
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which  is:  to  see  accurately;  to  reason  correctly  from  what  is  seen;  to 
establish  a  bond  of  sympathy  with  the  object  or  phenomenon  that  is 
studied.  One  cannot  see  accurately  unless  one  has  the  object  itself. 
If  the  pupil  studies  corn,  he  should  have  corn  in  his  hands  and  he  should 
make  his  own  observations  and  draw  his  own  conclusions;  if  he  studies 
cows,  he  should  make  his  observations  on  cows  and  not  on  what  someone 
has  said  about  cows.  So  far  as  possible,  all  nature-study  work  should  be 
conducted  in  the  open,  where  the  objects  are.  If  specimens  are  needed, 
let  the  pupils  collect  them.  See  that  observations  are  made  on  the  crops 
in  the  field  as  well  as  on  the  specimens.  Nature-study  is  an  out-door 
process :  the  schoolroom  should  be  merely  an  adjunct  to  the  out-of-doors, 
rather  than  the  out-of-doors  an  adjunct  to  the  schoolroom,  as  it  is  at 
present. 

A  laboratory  of  living  things  is  a  necessary  part  of  the  best  nature- 
study  work.  It  is  customary  to  call  this  laboratory  a  school-garden. 
We  need  to  distinguish  three  types  of  school-garden:  (i)  The  orna- 
mented or  planted  grounds ;  this  should  be  a  part  of  every  school  enter- 
prise, for  the  premises  should  be  attractive  to  pupils  and-  they  should 
stand  as  an  example  in  the  community.  (2)  The  formal  plat-garden, 
in  which  a  variety  of  plants  is  grown  and  the  pupils  are  taught  the  usual 
handicraft;  this  is  the  prevailing  kind  of  school-gardening.  (3)  The 
problem-garden,  in  which  certain  specific  questions  are  to  be  studied, 
in  much  the  spirit  that  problems  are  studied  in  the  indoor  laboratories; 
these  are  little  known  at  present,  but  their  number  will  increase  as  school 
work  develops  in  efficiency ;  in  rural  districts,  for  example,  such  direct 
problems  as  the  rust  of  beans,  the  blight  of  potatoes,  the  testing  of 
varieties  of  oats,  the  study  of  species  of  grasses,  the  observation  of  effect 
of  fertilizers,  may  well  be  undertaken  when  conditions  are  favorable,  and 
It  will  matter  very  little  whether  the  area  has  the  ordinary  "  garden " 
appearance.  In  time,  ample  grounds  will  be  as  much  a  part  of  a  school 
as  the  buildings  or  seats  now  are.  Some  of  the  school-gardening  work 
may  be  done  at  the  homes  of  the  pupils,  and  in  many  cases  this  is  the  only 
kind  that  is  now  possible;  but  the  farther  removed  the  laboratory  the 
less  direct  the  teaching. 

To  introduce  agriculture  into  any  elementary  rural  school  it  is  first 
necessary  to  have  a  willing  teacher.  The  trustees  should  be  able  to 
settle  this  point.  The  second  step  is  to  begin  to  study  the  commonest 
and  most  available  object  concerning  which  the  teacher  has  any  kind  of 
knowledge.  The  third  step  is  to  begin  to  connect  or  organize  these 
observations  into  a  method  or  system.  This  simple  beginning  made, 
the  work  ought  to  grow.  It  may  or  may  not  be  necessary  to  organize  a 
special  class  in  agriculture;  the  geography,  arithmetic,  reading,  manual 
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training,  nature-study,  and  other  work  may  be  modified  or  re-directed. 
It  is  possible  to  teach  the  state  elementary  syllabus  in  such  a  way  as 
to  give  a  good  agricultural  training. 

In  the  high  school,  the  teacher  should  be  well  trained  in  some  special 
line  of  science;  and  if  he  has  had  a  course  in  a  college  of  agriculture 
he  should  be  much  better  adapted  to  the  work.  Here  the  teaching  may 
partake  somewhat  more  of  the  laboratory  method,  although  it  is  possible 
that  our  insistence  on  formal  laboratory  work  in  both  schools  and  colleges 
has  been  carried  too  far.  In  the  high  school,  a  separate  and  special 
class  in  agriculture  would  better  be  organized;  and  the  high  school 
syllabus  of  the  Education  Department  provides  for  this. 

In  all  agricultural  work  in  the  schools  of  the  state,  the  College  of 
Agriculture  desires  to  render  all  the  aid  it  can.  Correspondence  is  invited 
on  the  agricultural  questions  involved.  In  special  cases  an  officer  of 
the  College  may  be  sent  to  give  advice  on  the  technical  agricultural 
phases  of  the  teaching.  Considerable  literature  in  the  publications  of  the 
College  is  now  available  and  will  be  sent  on  application. 

In  many  districts  the  sentiment  for  agricultural  work  in  the  schools 
will  develop  very  slowly.  Usually,  however,  there  is  one  person  in  the 
community  who  is  alive  to  the  importance  of  these  new  questions.  If 
this  person  has  tact  and  persistence,  he  ought  to  be  able  to  get  something 
started.  Here  is  an  opportunity  for  the  young  farmer  to  exert  influence 
and  to  develop  leadership.  He  should  not  be  impatient  if  results  seem 
to  come  slowly.  The  work  is  new :  it  is  best  that  it  grow  slowly  and 
quietly  and  prove  itself  as  it  goes.  Through  the  grange,  reading-club, 
fruit-growers'  society,  creamery  association,  or  other  organization  the 
sentiment  may  be  encouraged  and  formulated;  a  teacher  may  also  be 
secured  who  is  in  sympathy  with  making  the  school  a  real  expression 
of  the  affairs  of  the  community ;  the  school  premises  may  be  put  in  order 
and  made  effective ;  now  and  then  the  pupils  may  be  taken  to  good  farms 
and  be  given  instruction  by  the  farmer  himself;  good  farmers  may  be 
called  to  the  schoolhouse  now  and  then  to  explain  how  they  raise  pota- 
toes or  produce  good  milk.  A  very  small  start  will  grow  by  accretiorf  if 
the  persons  who  are  interested  in  it  do  not  lose  heart,  and  in  five  years 
everyone  will  be  astonished  at  the  progress  that  has  been  made. 
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The  work  in  the  public  schools  of  New  York  State  in  nature-study 
and  agriculture  for  the  year  1911-1912  includes  the  following  subjects: 
( I )  For  special  bird  study,  the  hen  and  the  downy  woodpecker ;  to  k* 
recognized,  any  two  winter  birds  and  any  five  of  the  following:  robin, 
bobolink,  redstart,  red-eyed  vireo,  blackbird,  yellow  warbler,  humming- 
bird, marsh  wren,  turkey,  and  owl.  (2)  For  special  animal  study,  the 
cow  and  the  toad;  to  be  recognized,  frog,  hog,  bat,  rat,  rabbit.  (3)  F^r 
special  plant  study,  the  bean;  to  be  recognized,  one  of  the  clovers, 
one  of  the  grains,  one  of  the  grasses,  and  any  six  of  the  following: 
elder,  tulip,  dandelion,  buttercup,  lily,  chickweed,  verbena,  beet,  tomato. 
squirrel  corn,  and  any  four  of  the  following  weeds :  quackgrass,  orani^e 
hawkweed,  dandelion,  chickweed,  yellow  daisy.  (4)  For  special  inner 
study,  the  ant  or  the  honey  bee ;  to  be  recognized,  any  four  of  the  fol- 
lowing: cricket,  dragon  fly,  cutworm,  hornet,  cecropia.  (5)  For  special 
tree  study,  the  apple  tree,  and  a  special  detailed  study  of  one  conifer: 
to  be  recognized,  two  kinds  of  fruit  trees,  one  conifer  and  any  four  of 
the  following :  hemlock,  pine,  peach,  pear,  hickory,  cucumber  tree,  maple, 
locust,  ash,  and  basswood.  In  this  Leaflet  lessons  which  will  aid  teacher? 
in  giving  instruction  in  the  work  as  outlined  by  the  State  Education 
Department  will  be  found.  The  lessons  have  been  prepared  in  the  de- 
partments in  the  State  College  in  which  the  subjects  are  taught. 

During  the  first  six  grades  in  school,  the  out-of-door  study  should 
develop  in  the  child  the  spirit  of  the  naturalist, —  an  all-around  intere>t 
in  the  out-of-doors.  At  the  end  of  this  period,  if  properly  taught,  the 
child  interested  in  natural  forces  and  objects  will  have  acquired  a  spirit 
of  patient  inquiry  and  accuracy  in  observation.  He  will  begin  to  realize 
the  kinship  of  out-of-door  objects  and  the '  possibilities  of  interest  and 
resource  in  them. 

The  work  for  the  seventh  and  eighth  grades  as  outlined  in  the  ele- 
mentary syllabus  has  relation  to  agriculture  and  may  be  intensified  ac- 
cording to  the  amount  of  time  and  the  interest  of  the  teacher  and  nu^ils. 
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Each  lesson  should  lay  the  foundation  for  fundamental  agricultural 
knowledge  which  will  be  introductory  to  high  school  and  college  work  in 
these  subjects. 

Whenever  possible,  we  would  advise  teachers  of  the  seventh  and 
eighth  grades  to  follow  the  work  outlined  by  the  syllabus  for  these  grades, 
choosing,  however,  for  the  most  serious  study  the  subject  that  is  of 
greatest  interest  in  the  community,  as  fruit-growing,  raising  of  farm 
crops,  dairying,  and  the  like.  The  work  should  be  specific  and  have  a 
true  nature-study  interest. 

If  fruit-growing  is  the  special  interest  in  the  community,  begin  in 
the  autumn  with  discussion  of  the  marketing  of  apples  or  other  fruit. 
Have  pupils  collect  specimens  of  all  varieties  to  be  found  in  the  neigh- 
borhood. Have  these  identified  and  labeled  for  a  school  exhibit.  Discuss 
the  most  popular  variety  and  send  the  pupils  on  a  quest  to  learn  why 
it  is  most  popular  Ask  a  successful  fruit-grower  in  the  community  to 
give  a  talk  on  apple-growing.  During  the  school  year  plant  an  apple 
tree.  Have  the  pupils  write  to  the  State  College  or  some  Experiment 
Station  to  ask  advice  on  the  purchase  of  stock,  kinds  of  soil,  time  to 
bud  and  graft, —  thus  teaching  them  how  to  reach  persons  who  have 
made  a  special  study  of  agriculture.  Let  the  tree  planted  by  each  class 
have  special  significance  for  the  class  and  stand  for  a  permanent  piece 
of  work.  Have  the  children  realize,  even  in  a  most  elementary  way, 
the  interrelation  and  interdependence  of  outdoor  things.  The  study  of 
soils,  for  example,  in  these  grades  will  be  most  interesting  and,  there- 
fore, have  added  value  if  made  in  the  interest  of  a  tree  to  be  planted. 

If  dairying  is  the  chief  interest  in  the  community,  choose  the  subject 
matter  as  outlined  in  the  syllabus  for  which  specific  material  can  be  found. 
In  country  places,  a  visit  might  be  made  to  a  farm  that  the  children 
may  learn  the  types  of  cows,  and  begin  to  think  about  pure  breeds  of 
cattle.  A  Babcock  test  machine  might  be  placed  in  the  schoolroom  and 
milk  from  different  farms  tested  by  the  pupils.  When  the  test  has  been 
successfully  made  in  the  schoolroom,  it  would  be  valuable  to  have  the 
class  make  this  test  at  a  Grange  meeting  or  Farmers'  Institute.  The 
matter  of  bal&nced  rations  may  be  studied  and  other  subjects  of  special 
interest  in  dairying.  In  the  city,  where  cows  cannot  be  seen,  clean  milk 
may  be  made  the  most  important  part  of  the  lesson  in  connection  with 
dairy  interests. 

To  encourage  the  children  in  their  general  out-of-door  observation, 
many  teachers  have  found  it  helpful  to  have  in  the  schoolroom  a  nature- 
study  corner.  This  is  fitted  up  with  a  table  on  which  specimens 
may  be  kept.  Above  it  is  a  shelf  containing  nature-study  books.  The 
children  may  be  taught  to  bring  to  the  schoolroom  specimens  of  plants 
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to  be  left  on  this  table  until  the  teacher  has  time  to  identify  them.  If 
the  teacher  is  unable  to  identify  any  plant  brought  to  the  schoolroom,  we 
shall  be  glad  to  have  it  sent  to  the  University  for  identification. 

A  terrarium,  which  is  an  enclosed  piece  of  earth  on  which  things  maj 
live  and  grow,  has  been  found  very  interesting  in  many  schoolroomi 
in  New  York  State.  Many  kinds  of  animal  life  have  been  housed  in 
terraria.  The  editor  has  seen  salamanders,  -toads,  snakes,  butterflies 
caterpillars,  beetl?>s,  rabbits,  guinea  pigs,  and  kittens  in  terraria  in  di^ 
ferent  schools.  Ch^dren  have  been  allowed  to  watch  the  animal  B 
during  leisure  hours.    ;!^  Fig.  i. 

Aquaria  have  not  been  veT^  successful  in  most  schools,  but  any  teacher 
can  use  to  advantage  battery  "^ats  or  even  Mason  fruit  cans  in  whicli 
aquatic  forms  of  life  may  be  kep.  for  a  limiled^  time.  Keep  bat  ftn 
few  specimens  in  the  aquarium  at  ntic  '"'•it^ 

Many  teachers  in  country  schttols  wilWSdjhAt  the  a^^rage  cof^^^^ 
lad  will  not  be  interested  in  nature-f^tudv   l^^tt^  view-point  '^*  ' 


naturalist.  He  should  not  be  forced  into  tins  in?i^  hut  jUlowd  ^' 
turn  his  mind  to  the  more  practical  ^ide  of  thti  M^a^  even  tf  I* 
should  be  in  one  of  the  lowei  grades.  \\  e  have  foS^rj*  \vun 
children  much  interested  in  the  comnicicial  sick*  ui  jl^j-mf-": 
growing  potatoes,  and  the  like.  Let  ti^  encourage  these  hi  ■  id  |iK-N 
and  if  they  are  well  taught,  the  point  of  view  of  the  nat^^wB 
gradually  come  to  them.  « 

The  opportunity  of  the  teacher. — ^The  real  teacher  has  an   ilin 
the  pupils  that  extends  outside  the  schoolroom.    That  we    HM 
rural  teachers  in  New  York  State  we  know  from  communica.^^ 
them  through  our  extension  work.     Social  service  is  fundan"* 
all  right  living.    The  teacher  in  the  rural  schools  can  do  mucH 
boys  and  girls  in  the  community  to  develop  a  stronger,  more  wH^ 
more  intellectual  attitude  to  their  lives  in  the  country.     One    n^ 
doing  this  is  to  teach  them  to  have  a  greater  interest  in  the  deveV 
of  the  farm  home,  and  to  know  what  agriculture  offers  to-day^ 
did  not  offer  twenty  years  ago.    As  soon  as  they  come  to  know  sorrr 
of  plant  and  animal  life,  of  joy  in  an  outdoor  life,  of  tfie    impo 
of  a  productive  agriculture,  their  minds  will  become  more  active. 
opportunity  to  help  children  to  use  the  educational  advantag^es 
country  life  offers  lies  with  the  teacher  of  spirit. 

The  opportunity  of  the  granger, —  To  those  who  have  been  en 
in  extension  work  in  the  State  G>llege  during  the  past  few  years, 
is  no  question  as  to  the  importance  of  the  service  rendered   to  a§ 

ral  education  by  the  members  of  the  grange  throughout    the 
n  and  women  in  grange  organizations  are  making  strong   efFoi 
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Fig.  I. — A  terrarium 
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bring  about  an  interest  in  agricultural  education,  and  are  doing  active 
work  in  social  service  in  the  interest  of  country  life.  The  State  College 
is  greatly  helped  in  educational  work  in  rural  districts  by  the  earnest  co- 
operation of  members  of  the  New  York  State  Grange, 

In  our  educational  department  this  year,  we  should  like  to  have  names 
and  addresses  of  every  member  of  the  grange,  man  or  woman,  who 
would  like  to  work  with  us  in  the  interest  of  boys  and  girls.  To  these 
persons  will  be  sent  all  school  publications  and  helps  issued  during  the 
year. 

The  opportunity  of  the  district  superintendent. —  In  looking  over  the 
work  for  the  past  year,  we  find  that  in  some  counties  we  have  been  in 
communication  with  every  rural  teacher,  and  that  the  rural  teachers  in 
these  counties  are  doing  an  active  work  in  the  interest  of  rural  school 
education.  In  nearly  every  case  the  active  interest  of  the  rural  teacher 
can  be  directly  connected  with  the  active  interest  of  the  school  com- 
missioner. We  are  anxious,  therefore,  during  the  coming  year  to  be 
in  touch  with  the  directors  of  rural  education  in  each  county. 

Leaflets, —  There  will  be  but  one  leaflet  issued  to  teachers  this  year, 
the  Cornell  Rural  School  Leaflet  for  September.  We  hope  to  issue  at 
least  three  leaflets  for  Boys  and  Girls.  The  Leaflet  for  Teachers  will  be 
sent  to  all  teachers  in  New  York  State  in  city  or  country  who  make 
request  for  it.  The  Leaflet  for  Boys  and  Girls  will  be  sent  to  schoo'" 
in  communities  of  3,000  inhabitants  or  less. 

Children's  ktters, —  We  hope  that  teachers  will  encourage  the  boys 
and  girls  to  write  to  us.  To  all  young  persons  who,  during  the  year, 
write  three  letters  on  nature  subjects,  we  shall  send  a  picture. 

Corn  Day. —  This  year  Com  Day  will  be  observed  on  January  27, 
1912.  The  time  to  begin  to  prepare  for  Corn  Day  is  in  September. 
Encourage  the  children  to  make  selection  of  com  before  it  is  cut.  The 
teacher  could  make  this  experience  a  most  valuable  one  if  he  would 
go  out  with  the  boys  and  girls  when  they  select  the  corn.  Ten  ears 
each  of  as  many  varieties  as  possible  should  be  selected.  Place  on  the 
blackboard  before  the  children  make  their  selection  of  com  the  following 
information,  orepared  by  Professor  Gilbert: 

What  constitutes  a  good  ear  of  corn 

1.  Shape  of  ears, —  A  perfect  ear  of  com  should  be  full  and  strong 
in  the  middle  part,  indicating  a  strong  constitution.  It  should  retain 
this  size  to  near  the  tip  and  the  butt,  thus  forming  as  nearly  as  possible 
a  cylindrical  ear. 

2.  Butts  of  ears, —  The  rows  of  kemels   should  extend   well   down 
'^  the  butts  of  the  ears,  thus  giving  an  ear  of  better  apgearance  and 
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containing  a  higher  yield  of  grain.  The  shank,  or  the  part  of  the 
stalk  which  is  attached  to  the  ear,  should  not  be  too  large  and  coarse. 
Swelled,  open,  or  badly  compressed  butts,  as  well  as  those  having  kernels 
of  irregular  size,  are  objectionable. 

3.  Tips  of  ears, —  Tips  of  the  ears  should  be  well  filled  out,  indicating 
a  type  of  corn  which  will  easily  mature.  The  rows  of  kernels  should 
extend  in  a  regular  line  to  the  extreme  tip  of  the  ear. 

4.  Shape  of  kernels, —  The  shape  of  the  kernels  is  very  important. 
They  should  broaden  gradually  from  tip  to  crown,  with  edges  straight, 
so  that  they  will  touch  throughout  the  full  length,  and  should  be  wedge- 
shaped  without  coming  to  a  point.  Kernels  of  this  shape  will  fit  close 
together  and  thus  insure  the  highest  possible  yield  of  grain  that  can 
grow  on  the  cob.  If  the  kernels  have  this  wedge-shape,  there  will  be 
found  no  wide  spaces  between  the  rows.  Such  spaces  are  always  ob- 
jectionable. 

5.  Proportion  between  corn  and  cob. —  There  should  be  a  large  pro- 
portion of  grain  as  compared  with  the  amount  of  cob.  This  will  be  the 
case  with  ears  having  deep  kernels.  A  large  ear  does  not  necessarily 
indicate  a  heavy  yield  of  grain,  and  it  is  objectionable  in  that  the  cob, 
being  large,  contains  a  considerable  amount  of  moisture  which,  drying 
out  slowly,  injures  the  grain  for  seed  purposes. 

6.  Color  of  grain  and  cob. —  Good  com  should  be  free  from  admixture. 
White  corn  should  have  white  cobs  and  yellow  corn  should  have  red 
cobs. 

7.  Trueness  to  type  or  race  characteristics. —  The  ears  selected  for  an 
exhibit  or  for  breeding  purposes  should  be  uniform  in  size,  shape, 
color,  indentation,  and  size  of  kernel.  They  should  also  be  true  to  the 
name  of  the  variety. 

Trips  afield. —  There  should  be  at  least  one  outdoor  trip  for  the  class 
each  year.  The  boys  and  girls  will  long  remember  the  experience,  and  it 
matters  not  whether  the  way  lead  along  a  country  roadside,  through 
meadow  lands,  on  the  shore  of  the  sea,  or  in  woodland  places,  some  new 
wonder  will  be  found  and  some  young  spirit  awakened. 


m&iiSS&t^.£fis;c^. 
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WEATHER 
The  Editor 


"  yaufttgfn  on  tl|»  Cimitir  «&« 
9f  kttiiiit  nut  wHftvut  tunr  ndftt^tr; 
*Q[ifl  l|«|tttttt>ss  ttmogUi  to  bt 
3is  tuttt  titttii  uttstii  atdl  wtratlyff/* — L,  H»  B, 

A  teacher  in  the  rural  districts  will  accomplish  no  small  thing  if  she 
can  put  boys  and  girls  in  the  right  attitude  toward  weather.  This  attitude 
is  teachable.  Children  constantly  hear  older  persons  grumbling  at  the 
weather  and  soon  take  a  like  attitude.  To  the  mind  responsive  to  nature, 
there  is  no  such  thing  as  bad  weather.  If  children  are  taugTit  to  find  joy 
in  the  rain  and  the  snow,  the  wind  and  the  hail,  the  clouds  and  the  sun- 
shine, the  music  of  the  wind  and  other  outdoor  voices,  they  will  find  joy 
in  all  weathers. 

A  teacher  in  New  York  State,  "  in  tune  with  wind  and  weather/' 
takes  many  an  opportunity  to  have  her  pupils  find  some  of  the  things 
that  give  joy  to  her.  On  rainy  days  in  the  springtime  she  allows  the 
children  to  go  to  the  windows  and  watch  the  rain  fall  on  the  meadows, 
on  the  newly  sprouting  leaves,  on  the  backs  of  the  robins,  on  the  tender 
blades  of  grass ;  and  the  boys  and  girls  of  the  school  look  forward  to 
the  rain  and  to  the  time  when  they,  too,  like  the  robins,  will  be  out  in  it 
When  the  winds  of  winter  are  blowing  and  rattling  the  windows,  the 
teacher  stops  work  for  awhile  that  the  children  may  listen  to  the  music, 
which,  as  one  author  puts  it,  is  "  a  voice  that  never  sings  false ;  you  are 
never  small  when  you  listen  to  it."  At  such  times  the  teacher  discusses 
with  the  children  what  the  wind  does  as  it  sweeps  over  the  country.  When 
the  snow  storms  come,  it  is  not  unusual  for  the  class  to  go  out  of  doors 
and  look  at  the  flakes  that  fall  on  their  dark  clothing.  The  teacher  has 
a  small  tripod  lens  through  which  the  young  folk  can  see  the  wonderful 
crystals.  Weather  in  this  little  school  has  its  place  in  the  education  of 
the  boys  and  girls. 
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Children  should  be  taught  that  persons  often  feei  at  odds  with  the 
weather  because  of  unsuitable  clothing.  If  one  is  comfortably  dressed 
for  a  rainy  day,  there  is  joy  in  being  out  in  the  heaviest  shower.  In 
fact,  there  are  many  persons  who  find  their  greatest  joy  in  the  out-of- 
doors  in  rain  or  in  snow,  or  when  the  great  winds  are  out.  Who  knows 
the  joy  of  the  winter  wood,  a  "snow-choked"  wood?  Comfortably 
dressed  for  the  experience,  one  becomes  a  part  of  it  and  grows  to  meet 
the  wonder  of  it.  Then  all  petty  things  disappear.  Let  us  open 
the  way  for  boys  and  girls  to  develop  the  joy  that  comes  to  all  who 
know  how  to  meet  the  outdoor  world,  whether  they  find  heat  or  cold, 
sun  or  shade,  calm  or  storm. 

Following  is  a  lesson  prepared  by  Professor  Wilson  for  children.  It 
will  be  helpful  in  interesting  boys  and  girls  in  the  winds.  The  older 
pupils  may  care  to  find  out  something  for  themselves  about  the  tower 
of  the  winds  in  Athens.  The  diagram,  Fig.  2,  should  be  placed  on  the 
blackboard  before  the  lesson  is  discussed. 


WEATHER  LESSON 

Wilford  M.  Wilson 

"wif  wttX  nttii*  suniss  brittQS  fstr  dif  t^ff, 
9iff  tut  ttritiii  fiiUk  mA  tut  tusftlyrr. 
wtft  Boutif  vtbuh  Btnrrig  brin^B  tu  nita, 
tBt(t  ttortlr  mtsUi  Uimii  tt  Imxk  ugiBibC— English 

We  walk  on  the  surface  of  the  land;  we  sail  on  the  surface  of  the 
sea;  but  we  live  at  the  bottom  of  the  atmosphere.  The  atmosphere 
that  surrounds  the  earth  is  like  a  great  ocean  of  air  about  100  miles 
deep,  resting  on  the  earth.  In  this  ocean  of  air  are  great  currents  or 
rivers  of  air,  just  as  there  are  great  currents  or  rivers  of  water,  such 
as  the  Gulf  Stream,  the  Japan  Current,  and  the  Equatorial  Current,  in 
the  oceans.  We  call  these  rivers  or  currents  of  air  winds.  All  of  the 
United  States,  except  the  southern  point  of  Florida,  lies  at  the  bottom 
of  one  of  these  rivers  of  air.  The  river  of  air  in  which  we  live  flows 
from  west  to  east  around  the  world,  and  is  called  the  Prevailing  West- 
erlies. As  the  current  in  this  river  is  from  west  to  east,  it  is  easy  to 
understand  why  most  of  our  winds  come  from  a  westerly  direction,  par- 
ticularly those  high  above  the  earth. 

Near  the  earth  the  flow  of  the  westerly  winds  is  so  much  influenced 
by  storms  and  so  broken  up  by  the  hills  and  valleys,  that  only  by  very 
careful  observations  for  a  long  time  can  it  be  determined  positively  that 
most  of  our  surface  winds  really  come  from  a  westerly  direction ;  but  at 
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a  height  of  4  or  5  miles  above  the  earth,  the  winds  travel  as  fast  as  an 
express  train  from  west  to  east  around  the  world.  You  may  test  the 
truth  of  this  statement  easily  by  observing  the  direction  in  which  cirrus 
clouds  are  moving.  The  cirrus  clouds  are  those  pure  white,  feathery, 
hair-like  clouds  that  float  high  in  the  air,  beyond  the  reach  of  storms  or 
the  influence  of  the  mountains.  They  are  usually  more  numerous  from 
10  to  36  hours  before  the  approach  of  a  rain  storm.  Sometimes  they 
look  like  balls  of  wool,  arranged  in  rows  or  ranks  across  the  sky.  Sailors 
imagined  that  they  looked  like  the  scales  on  a  fish,  and  so  they  called 
these  clouds  mackerel  scales,  and  when  the  sky  was  covered  with  this 
kind  of  clouds  they  called  it  a  "mackerel  sky"  and  made  a  rhyme 
about  it : 

"Mackerel  sky,  mackerel  sky, 

Never  long  wet,  never  long  dry. 

Mackerel  scales  and  mare's  tails 
Make  lofty  ships  carry  low  sails." 

A  good  way  to  determine  the  direction  in  which  a  cloud  is  moving  is 
to  watch  it  carefully  for  several  minutes  through  the  top  of  a  tree,  or 
over  the  top  of  a  chimney  or  some  other  stationary  object.  When  you 
have  learned  to  recognize  the  cirrus  clouds,  see  whether  you  can  find 
one  that  is  not  moving  from  the  west  toward  the  east. 

The  winds  near  the  earth  blow  from  all  directions  because  they  are 
caused  mostly  by  storms,,  or  cyclones  as  they  are  called.  Let  us  see 
whether  we  can  understand  why  a  storm  or  cyclone  makes  the  wind 
blow  from  all  directions. 

No  doubt  you  have  often  stood  on  the  bank  of  a  river  or  creek  and 
watched  the  little  eddies  or  whirlpools  floating  along  in  the  current  of 
the  stream.  Storms  are  simply  eddies  or  whirlpools  of  air,  and  they 
float  along  in  the  current  of  the  great  river  of  air  that  flows  from  west 
to  east  around  the  world ;  but  instead  of  floating  on  the  surface  as  the 
eddies  or  whirlpools  in  the  river  or  creek,  they  float  along  near  the  bot- 
tom of  the  air  river  —  that  is,  near  the  earth.  It  is  easy  to  see,  there- 
fore, that,  because  cyclones  are  whirlpools  in  the  river  of  air  that  flows 
from  west  to  east,  our  storms  come  mpstly  from  a  westerly  direction. 

These  storm-eddies  are  very  large,  usually  from  700  to  1,500  miles 
in  diameter^  and  they  move  along  the  surface  of  the  earth  about  500 
miles  each  24  hours.  Because  of  the  rotation  of  the  earth,  they  always 
turn  or  whirl  in  one  direction  in  the  northern  hemisphere  and  in  the 
opposite  direction  in  the  southern  hemisphere.  In  the  northern  hemi- 
sphere they  always  turn  counter-clock-wise;  that  is,  in  the  opposite  di- 
rection in  which  the  hands  of  a  watch  move  when  placed  with  the  face 
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up.    In  the  southern  hemisphere  the  winds  turn  about  the  center  of  the 
cyclone  in  the  same  direction  that  the  hands  of  a  clock  move. 

Sometimes  these  storm  eddies  follow  one  after  another  for  several 
days,  and  again  none  will  occur  for  a  week  or  more,  but  on  an  average 
one  comes  about  every  3d  or  4th  day.  They  are  more  frequent  in 
winter  than  in  summer,  and  although  the  wind  in  whirling  about  the 
center  of  the  eddy  sometimes  blows  rather  hard,  these  storms  are  never 
dangerous  on  land  and  not  often  dangerous  on  the  sea.  They  bring  us 
our  summer  rains  and  our  winter  snows.  You  have  often  heard  a 
farmer  say,  when  the  wind  was  blowing  from  the  south,  that  it  would 
blow  up  a  rain.  Let  us  see  why  he  thinks  so,  and  why  he  says  the 
weather  will  soon  clear  when  the  wind  is  blowing  from  the  west. 


/^OBTH 


i^£STm  M  V  /  *  \%  >  :  \\  \\\    >  ^Asr 


soorn 
Fig.  2. — A  storm  eddy 

We  know  that  these  storm  eddies  usually  bring  rain,  and  that  they 
move  from  west  to  east  because  they  are  carried  along  by  the  current 
of  the  great  river  of  air  in  which  they  float.  If  the  storm  eddy  is  west 
of  us,  we  know  that  it  is  coming  toward  us  and  will  probably  bring  rain ; 
if  it  is  north  of  us  and  it  is  raining  or  cloudy,  we  know  that  it  will 
soon  pass  by  and  the  weather  will  clear ;  if  it  is  east  of  us,  we  know  that 
it  will  have  to  go  all  the  way  around  the  world  before  it  reaches  us. 
Now  the  direction  of  the  wind  will  tell  us  where  the  center  of  the  storm 
eddy  is.  If  you  stand  with  your  face  square  to  the  wind  and  extend 
your  right  hand  straight  out  from  your  side,  your  hand  will  point  toward 
the  center  of  the  storm  eddy. 

A  diagram  showing  how  the  winds  turn  about  the  center  of  a  storm 
eddy  is  given  in  Fig.  2.  Suppose  you  stand  where  the  little  cross  is 
placed  on  the  diagram,  face  the  south,  for  that  is  the  direction  from 
which  the  wind  is  blowing.  Now,  extend  your  right  hand  straight  out 
from  your  side.    Will  it  not  point  toward  the  center  of  the  storm  eddy 
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which  IS  west  of  you?  If  the  storm  eddy  is  west  of  you  and  coming 
toward  you,  do  you  not  think  the  farmer  has  good  reason  to  say  that  a 
south  wind  will  bring  rain  ? 

Again,  take  your  place  on  the  small  circle  near  the  bottom  of  the 
diagram,  face  the  wind,  and  extend  your  right  arm.  Does  it  not  show 
that  the  center  of  the  storm  eddy  is  passing  north  of  you,  and  the 
farmer  has  an  equally  good  reason  to  say  that  a  west  wind  will  soon 
bring  fair  weather? 

People  of  all  times  have  been  interested  in  the  wind.  In  Athens  there 
is  a  famous  tower  that  boys  and  girls  may  see  some  day.     The  ancient 

Greeks  did  not  know  why  the 
'\^^:y.^'        wind   bloAvs,   but    they  knew 
very  well  that  a  north  wind 
brought  cold,  freezing  weather 
to  Athens,  a  south  wind  warm 
rains,  and  a  northeast  wind 
snow  and  sleet,  especially  in 
winter.       They   thought  that 
one  of  their  gods,  Aeolus,  kept 
the  winds  in  a   cave  in  the 
mountain,  and  when  he  was 
pleased    with   the    people  he 
would  open  the  door  of  the 
cave  and   let   out   the  warm 
south  wind,  Notos,  to  bring 
warmth  and  rain  to  make  the 
grass  grow  and  the  flowers 
bloom ;  but  when  he  was  angry 
he  let  out  old  Boreas,  the  north 
wind,  who  frosted  the  windows 
and    covered    the    land   with 
snow  and  the  rivers  with  ice. 
They  often  tried  to  gain  the  favor  of  Aeolus,  the  keeper  of  the  winds, 
by  offering  him  gifts  of  corn,  wine,  and  fruits.    They  finally  thought  it 
would  please  Aeolus  to  have  a  temple  of  his  own  where  he  could  receive 
their  gifts,  and  so  they  built  the  temple  of  the  winds  at  Athens.    This 
temple  was  built  with  eight  sides,  one  side  facing  each  of  the  eight  winds, 
and  on  each  side  was  carved  in  the  stone  a  human  figure,  representor 
the  kind  of  weather  that  the  wind  from  that  particular  direction  brou^^ 
to  Athens. 

In  the  figures  near  the  top  of  the  temple,  Boreas,  the  cold  north  wind, 
is  represented  by  the  figure  of  an  old  man  wearing  a  thick  mantle  with 
high  buskins  (boots),  and  blowing  on  a  "weathered  hom.")OQlc 


Fig.  3. — The  tower  of  the  winds  in  Athens 


Rural  School  Leaflet  86i 

The  northeast  wind,  which  brought  cold  rain,  snow,  sleet,  and  hail, 
is  pictured  as  a  man  with  a  severe  countenance  who  is  rattling  sling- 
stones  in  a  shield,  thus  expressing  the  noise  made  by  falling  sleet  or 
hail. 

The  east  wind,  which  brought  weather  favorable  to  the  growth  of 
vegetation,  is  symbolized  by  the  figure  of  a  beautiful  youth  bearing  in 
his  tucked-up  mantle  fruit  and  flowers. 

Notos,  the  south  wind,  brought  rain,  and  he  is  about  to  pour  it  over 
the  land  from  the  jar  which  he  carries. 

Lips,  the  southwest  wind,  which  was  favorable  for  the  Greek  sailors, 
is  driving  a  ship  before  him,  while  Zephyros,  the  gentle  west  wind  is 
represented  by  a  youth,  slightly  clad,  scattering  flowers  as  he  goes. 

The  northwest  wind,  which  brought  to  Athens  dry,  and  sometimes  hot 
weather,  is  indicated  by  the  flgure  of  a  man  holding  a  vessel  of  hot 
charcoal  in  his  hands. 

Thus  the  kind  of  weather  which  each  wind  brought  to  Athens  more 
than  two  thousand  years  ago  is  clearly  shown  by  the  figures  carved  on 
the  sides  of  the  Temple  of  the  Winds. 


"Jan.  2^,  In  keeping  a  journal  of  one's  walks  and  thoughts  it  seems 
to  be  worth  while  to  record  those  phenomena  which  are  most  interesting 
to  us  at  the  time.  Such  is  the  weather.  It  makes  a  material  difference 
whether  it  is  foul  or  fair,  affecting  surely  our  mood  and  thoughts.  Then 
there  are  various  degrees  and  kinds  of  foulness  and  fairness.  It  may  be 
cloudless,  or  there  may  be  sailing  clouds  which  threaten  no  storm,  or  it 
may  be  partially  overcast.  On  the  other  hand  it  may  rain,  or  snow,  or 
hail,  with  various  degrees  of  intensity."     Thoreau,  Journal 


'*9^frf  Ifl  s  9aiBf  t^  clflOtarrtt  )dstf 
3ht  nonttrn  biablfli  f sr  stnav* 
As  i|tiift  w  tift  mttu  mA  jnanm 

''C^^  cl|ilbfftt»  c^iOkmi,  ttnutQ  s  iiay 
l*v»  fnUmiiril  ftft  tolbxbB  In  fMm  mnag, 
wtf  litriifl  8*^14110  wxb  ttft  rfiifr'tUnra 
9a  wtnihtatB  frtt  wHfttt  tift  nriUi  ptfisx  i 
PIfftt  nmoiiv  aith  tiptrtB  atdi  i\U  tnrt  tiff  nfm 
Anil  tmtB  asdk  julfOolB  tnrt  onlg  s  ttanif  • 

"Ktth  i  wvtr  mill  br  «o  alii  attii  ^nig 
Snt  JTl  truk  ttfi  sntnlka  to  Uftix  vuM^t-nuL^r^^Sb^OOgle 
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INSECT  STUDY 

The  Editor 

F  interest  to  boys  and  girls  insect  study  is  second 
only  to  bird  -study.  This  is  a  subject  that  i^ 
particularly  worth  while  if  taught  in  country  dis- 
tricts, since  economic  entomology  has  an  impor- 
tant place  there.  In  rural  districts  boys  and 
girls  have  many  opportunities  to  learn  some  of 
the  wonders  of  insect  life  and  each  year  in  the 
schoolroom  they  should  follow  the  metamor- 
phosis of  at  least  one  insect.  They  should  be  taught  the  relation  of  in- 
sect life  to  plant  life  and  to  bird  life,  for  such  study  is  of  much  value  oo 
the  farm. 

A  good  piece  of  work  for  the  year  would  be  to  have  the  children  tr>'  to 
find  out  which  is  the  most  injurious  insect  in  the  neighborhood.  They 
should  then  get  all  the  information  that  they  can  about  this  insect.  In 
connection  with  language  work  encourage  them  to  write  letters  to  the 
State  College  of  Agriculture,  to  the  Experiment  Station  at  Geneva,  and  to 
the  Department  of  Agriculture  at  Washington,  in  order  to  get  all  infor- 
mation possible  regarding  the  insect  that  they  are  studying. 

The  special  insect  study  for  this  year  will  be  found  in  the  following 
articles.  If  possible  keep  live  insects  in  cages  made  for  the  schoolroom. 
The  study  of  life  for  boys  and  girls  in  the  grades  is  far  more  valuable 
than  making  collections  of  dead  specimens. 

The  illustration,  Fig.  9,  shows  a  cage  for  crickets.  This  small  cage 
may  be  used  for  many  kinds  of  small  insects  which  the  children  will  study 
during  the  year.  Have  crickets  in  the  schoolroom  in  autumn.  The 
merry  tunes  they  play  will  add  a  bit  of  life  to  the  day  and  will  encourage 
the  children  in  making  observations. 

A  terrarium  will  be  found  of  value  for  butterflies  and  some  of  the 
larger  forms  of  insect  life.  Plant  food  can  be  kept  fresh  in  it  every  day 
by  the  children.     See  Fig.  i. 

An  ant's  nest  will  give  opportunity  for  observation.  Following  is  a 
brief  description  of  one.  Encourage  the  older  boys  and  girls  to  make  the 
nest. 

An  ant's  nest. —  In  the  illustration,  Fig.  4,  you  will  see  an  ant's  nest. 
For  this  kind  of  nest  you  will  need  a  plank,  which  should  be  painted, 
A  deep  groove  should  be  made  on  all  the  sides  of  the  plank  about  one 
inch  from  the  edge.     In  this  groove  water  should  be  kept  to  form  a  moat 
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In  the  center  of  the  plank  use  two  pieces  of  glass  laid  flat  and  separated 
by  narrow  sticks  along  each  side,  so  that  they  are  about  one-eighth  of 
an  inch  apart.  The  sticks  should  not  come  close  together  at  one  corner. 
This  leaves  a  doorway  for  the  ants.  Cover  the  top  glass  with  black  paper 
or  cloth  so  that  the  space  between  the  two  pieces  of  glass  may  seem  more 
like  the  dark,  safe  places  under  stones.  Keep  a  small  piece  of  damp 
blotting  paper  in  one  corner  of  the  nest,  for  the  workers  will  want  a 
moist  place  for  the  young.  Fill  the  groove  in  the  plank  with  water  and 
the  nest  is  ready. 

The  best  ant  colony  to  take  indoors  is  the  one  that  you  find  under 
stones  in  a  pasture.  With  a  trowel  lift  up  the  ants,  pupae,  larvae,  and 
sand  and  put  the  contents  carefully  into  a  pint  can.     When  you  reach  the 


Fig.  4. — An  ant's  nest 

schoolroom  put  the  contents  of  the  can  on  the  plank  and  watch  what 
happens.  If  the  ants  do  not  find  the  room  you  have  made  for  them,  place 
a  few  larvae  and  pupae  in  it.     They  will  p^  ^bably  find  them. 

Do  not  neglect  to  provide  food  for  the  colony.  Ants  like  to  eat  cracker 
soaked  in  sweetened  water,  bread,  cake,  berry  jams,  sugar,  bits  of  raw 
meat,  yolk  of  hardboiled  tgg,  and  custard. 


*'  Nov.  22,  Saw  E.  Hosmer  this  afternoon  making  a  road  for  himself 
along  a  hillside  (I  being  on  my  way  to  Saw  Mill  Brook).  He  turned 
over  a  stone,  and  I  saw  under  it  many  crickets  and  ants  still  lively,  which 
had  gone  into  winter  quarters  there  apparently.  There  were  many  little 
galleries  leading  under  the  stone,  indenting  the  hardened  earth  like  veins. 
(Mem.  Turn  over  a  rock  in  midwinter  and  see  if  you  can  find  them.)" 

ThoreaUf  Journal 
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THE  ANT 

Anna  Botsford  Comstxkk 

S  some  things  ^re  judged  by  their  economic 
value,  it  is  probable  that  Solomon  discovered 
the  greatest  practical  value  of  the  ant  when  he 
advised  the  sluggard  to  go  and  study  her 
ways.  It  is  safe  to  say,  however,  that  no 
sluggard  ever  took  this  advice,  for  to  follow 
the  ant  in  her  devious  ways  would  be  too 
hard  work  for  the  idler.  As  a  matter  of  fact,  the  ant's  economic  status- 
has  not  yet  been  determined,  and  very  likely  her  relationship  with  other 
insects  will  be  our  final  basis  for  judging  whether  her  performances  are 
useful  or  are  detrimental. 

Its  food-supply. —  For  a  hundred  years  we  have  known  that  ants  used 
aphids  or  plant-lice  for  their  herds,  but  only  recently  have  we  discovered 
that  this  practice  of  the  ants  is  of  economic  importance.    The  aphids  live 
upon  the  juices  of  plants  by  inserting  their  long,  sucking  tubes  into  the 
plant  tissues  and  taking  their  nourishment  as  a  boy  takes  cider  through  a 
straw.     Incidentally,  they  transform  much  of  the  sap  into  honey-dew, 
which  they  excrete  in  drops  from  the  alimentary  canal.     The  ants  arc 
very  fond  of  this  honey-dew  and  will  climb  trees  and  shrubs  in  order  to 
visit  the  aphids  and  thus  obtain  tHe  sweet  food.    When  an  ant  wishes 
honey-dew  she  approaches  an  aphid  and  strokes  or  pats  it  gently  with  her 
antennae;  and  if  the  aphid  has  not  been  milked  dry  by  other  ants  she 
will  promptly  produce  the  coveted  substance.    Since  the  ants  are  such 
clever  creatures,  they  naturally  would  defend  their  aphid  herds   from 
any  attacking  insects,  and  such  defense  has  been  often  observed;  bat 
we  are  beginning  to  believe  that  there  are  still  more  fundamental  rela- 
tions between  ants  and  aphids. 

Professor  Forbes,  in  studying  the  com  root-louse,  discovered  that  the 
ants  care  for  the  eggs  of  this  aphid  in  their  own  nests  during  the  winter 
and  take  the  young  aphids  out  early  in  the  spring,  placing  them  on  the 
roots  of  smartweed ;  later,  after  the  com  is  planted,  the  ants  move  the 
aphids  to  the  roots  of  the  com,  and  thus  they  preserve  this  terrible  pest, 
which  without  their  aid  would  be  unable  to  live  and  flourish.  Ose 
species  of  aphids  living  on  dogwood  is  protected  by  stables  which  a 
certain  species  of  ant  builds  around  them  from  mortar  made  of  carih 
and  vegetable  matter.  Some  species  of  ants  are  mushroom  growers. 
Many  are  the  wonderful  things  which  these  little  insects  accomplish. 
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The  nest  and  its  inhabitants. —  Many  of  our  common  ants  live  in  ant- 
hills or  build  their  tunnels  in  the  earth;  in  the  latter  case,  they  usually 
have  the  openings  of  their  tunnels  beneath  stones  in  fields.  At  the  gate- 
way in  any  ant  nest  there  are  likely  to  be  sentinels  stationed  to  give 
warning  of  intruders.  When  a  nest  is  disturbed  the  ants  run  in  every 
direction  to  get  out  of  the  way.  If,  however,  there  are  in  the  nest  any 
of  their  young,  either  in  the  larva  or  pupa  stage,  the  ants  are  never  too 
frightened  to  take  them  up  and  try  to  carry  them  to  places  of  safety. 

Ants'  eg^s  are  very  small  objects,  each  about  the  size  of  the  point  of  a 
pin.  The  larvae  which  hatch  from  these  eggs  are  translucent  little  grubs 
looking  like  grains  of  rice,  but  more  pointed  at  one  end.  The  pupae  are 
yellowish,  are  covered  with  a  parchment-like  skin,  and  resemble  grains 
of  wheat.  They  are  commonly  called  ants'  eggs.  When  the  pupa  skin 
breaks,  the  full-grown  ant  appears,  and  at  first  is  pale  in  color. 

Often  there  are  in  the  same  colony  ants  of  two  sizes:  the  large  ones 
are  called  majors  and  the  small  ones  minors.  Whatever  their  size,  how- 
ever, they  all  work  together  to  bring  food  for  the  young  and  to  care  for 
the  nest. 

During  most  of  the  year,  the  ant  colony  consists  only  of  workers  and 
laying  queens,  but  in  early  summer  the  nest  may  be  found  swarming  with 
winged  ants.  These  are  kings  and  queens.  Some  warm  day  these  winged 
ants  will  issue  from  the  nest  and  take  their  marriage  flight,  the  only  time  in 
their  lives  when  they  use  their  wings.  After  the  marriage  flight,  the  ants 
fall  to  the  ground.  In  this  way  undoubtedly  a-  large  number  perish.  In 
most  species,  we  know  that  the  queens  find  refuge  in  some  shelter  and 
there  lay  their  eggs.  Perhaps  many  of  them  are  adopted  into  other  col- 
onies of  the  same  species. 

In  an  ants'  nest  there  may  be  more  than  one  queen,  for  ants  differ 
from  honeybees  in  this  respect.  Each  queen  has  her  own  apartment,  and 
is  well  cared  for  by  her  ladies  in  waiting.  They  feed  her  and  groom 
her,  so  that  she  is  able  to  give  her  whole  time  and  energies  to  producing 
eggs.  As  soon  as  she  lays  an  egg,  it  is  taken  by  some  of  the  nurse  ants 
and  carried  to  a  nursery,  which  contains  other  eggs  of  about  the  same 
age.  Whether  the  nurses  by  their  care  are  able  to  retard  or  hasten  the 
hatching  of  the  eggs  we  do  not  know.  We  do  know  that  in  many  of  the 
ants'  nests  the  nurseries  remind  us  of  a  graded  school,  because  a  large 
number  of  just  about  the  same  age  are  to  be  found  in  the  same  nursery ; 
and  it  is  undoubtedly  a  fact  that  the  ant  nurses,  by  feeding  some  more 
than  others,  are  able  to  keep  the  whole  brood  in  about  the  same  stage  of 
development.  When  the  larvae  are  young  they  are  fed  on  regurgitated 
food,  but  as  they  grow  older  the  food  is  brought  to  them  or  they  to  the 
food  and  they  do  their  own  feeding.     In  one  of  my  nests,  I  pl|iced  a 
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part  of  the  yolk  of  an  egg,  hard-boiled,  and  the  ant  nurses  dumped  the 
larvae  down  around  the  edges  of  it;  and  there  they  munched  industri- 
ously until  through  their  transparent  bodies  1  could  see  the  yellow  of 
the  egg  for  the  whole  length  of  the  alimentary  canal. 

The  ant  nurses  are  very  particular  about  the  temperature  of  the  nur- 
series, and  are  even  more  careful  lest  the  young  suffer  from  draughts. 
Thus  they  are  obliged  to  move  them  about  in  the  underground  nests, 
carrying  them  down  to  the  lower  nurseries  in  the  heat  of  the  day,  and 
bringing  them  up  nearer  to  the  warmer  surface  during  the  evening.  This 
moving  is  always  done  carefully;  and  while  an  ant's  jaws  are  formidable 
weapons,  she  carries  her  baby  sisters  with  gentleness.  The  ant  nurses 
keep  the  larvae  and  pupae  very  clean  by  licking  them.  When  a  youngster 
issues  from  the  pupa  skin,  the  nurses  hasten  to  help  her  straighten  out 
her  cramped  legs  and  antennae,  feed  her  assiduously,  and  help  her  make 
her  first  toilet. 

Ants  are  very  cleanly  in  their  nests,  and  will  carry  out  of  it  any  debris 
or  foreign  substance.  Although  their  chief  work  is  the  building-  of  their 
underground  galleries,  the  care  of  the  young,  and  the  bringing  of  food 
to  the  nests,  yet  they  are  also  efficient  fighters.  There  are  many  stories 
of  ant  battles  which  have  been  waged  furiously  from  dawn  until  even- 
ing, and  continued  with  unabated  fury  for  successive  days.  We  do  not 
know  all  of  the  reasons  for  wars  among  ants,  but  in  some  observed 
instances  they  have  been  caused  by  one  colony  trespassing  upon  the 
territory  of  another.  In  other  cases,  war  has  followed  an  attempt  on  the 
part  of  one  species  to  capture  the  young  of  another  species  in  order  to 
rear  them  as  slaves  in  their  own  nests.  Slavery  among  ants  has  its  miti- 
gations, for  the  slaves  are  treated  like  the  other  members  of  the  family, 
except  that  their  duties  are  of  the  domestic  sort,  and  they  are  not 
allowed  to  go  to  war.  The  ants  never  seek  to  enslave  a  full-grow^n  ant, 
but  capture  only  the  larvae  and  pupae,  which  they  rear  in  their  own  nests. 

Description  of  an  ant. —  If  you  take  one  ant  and  study  her  appearance, 
you  will  find  that  her  body  is  divided  into  three  parts. 

The  head,  which  bears  the  not  very  distinct  eyes ;  the  antennae,  which 
are  the  ant's  chief  means  of  acquiring  knowledge  of  the  world  around 
her;  and  the  jaws,  which  are  large  and  work  sidewise,  like  a  pair  of 
shears,  and  are  armed  with  triangular  notches  along  the  biting  edge. 
Miss  Fielde  has  shown  us  that  the  different  segments  in  the  antennae 
of  an  ant  are  used  for  detecting  different  things.  For  instance,  the  tip 
segment  detects  the  odor  of  an  ant's  own  nest,  and  enables  her  to  dis- 
tinguish this  from  other  nests ;  through  the  next  segment  she  is  able  to 
recognize  her  sisters  wherever  she  finds  them;  and  through  the  next 
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segment  she  recognizes  the  odor  of  her  own  feet  and  thus  is  able  to  re- 
trace her  own  steps. 

The  thorax  bears  the  three  pairs  of  legs,  and,  in  the  case  of  queens 
and  kings,  two  pairs  of  wings.  The  ant's  legs  are  very  efficient ;  she  is 
an  excellent  runner,  and  she  can  take  astonishing  leaps  when  pursued. 

The  abdomen  is  attached  to  the  thorax  by  a  very  narrow  connection, 
so  that  most  ants  are  slim-waisted.  The  abdomen .  consists  of  sev- 
eral segments  and  has  breathing  pores  along  the  sides,  which  are  diffi- 
cult to  detect 

Lesson  for  Pupils 

Method, —  These  questions  should  be  written  on  the  blackboard  and 
copied  by  the  pupils  in  their  notebooks.  The  pupils  should  write  the 
answers  from  their  own  observations.  This  is  excellent  work  for  tlie 
summer  vacation. 

Observations. — i.  Describe  all  the  different  kinds  of  ants*  nests 
which  you  have  found.    Where  were  they?    How  were  they  built? 

2.  If  you  disturb  an  ants*  nest,  how  do  the  ants  act?  Do  they  usually 
try  to  save  themselves  alone?  Do  they  seek  to  save  their  young  at  the 
risk  of  their  own  lives  ? 

3.  In  nests  under  stones,  can  you  find  the  young  of  the  ants?  How 
do  they  look  ?    How  can  you  tell  an  ant  larva  from  a  pupa  ? 

4.  Do  you  find  ants  carrying  objects  to  their  nests?  Are  these  for 
food?    How  does  an  ant  manage  to  carry  an  object  larger  than  herself? 

5.  Do  you  find  winged  ants  in  a  nest  ?  If  so,  catch  a  few  in  a  vial 
and  compare  them  with  the  workers.  Do  you  know  what  these  winged 
ants  are,  and  why  they  have  wings? 

6.  Describe  the  shape  of- the  ant's  body.  How  many  parts  are  there 
to  it?  Describe  the  head  and  all  of  the  organs  on  it.  Describe  the 
thorax,  or  the  central  portion.    To  which  part  are  the  legs  attached  ? 

7.  Does  an  ant  keep  her  antennae  in  motion?  Why?  Does  she  use 
them  in  conversing  with  her  companions?  How  does  an  ant  clean  her 
antennae  ? 

8.  Feed  an  ant  syrup  or  honey  and  describe  how  she  eats  it. 

9.  With  what  does  the  ant  grasp  an  object  which  she  is  carrying? 

10.  Note  an  ant  when  she  is  visiting  aphids  or  plant-lice.  How  does 
she  treat  the  aphids  ?  What  do  they  do  in  response  ?  Do  you  think  that 
the  ants  and  aphids  are  friendly  to  each  other?    Why? 

Subjects  for  English  theme. — ^Ant  battles.  The  relation  of  ants  to 
aphids.  The  story  of  the  relation  of  the  ants  to  the  corn  root-louse.  The 
agricultural  ants.    The  honey-ants. 

References.— '* Ant  Communities,"  by  H.  C.  McCook;  "  Insect  Stories," 
Kellogg,  pages  65  and  285.  Digitized  by  GoOglc 
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THE  HONEY-BEE 
Anna  Botsford  Comstock 

[HIS  little  friend  of  the  farmer  is  only  half 
appreciated.  Every  one  knows  that  bee< 
make  honey,  and  some  persons  have  dis- 
covered that  the  honey  is  worth  money; 
but  not  nearly  enough  persons  ha\-e 
availed  themselves  of  this  source  of  in- 
come. There  are  many  boys  and  girls 
in  New  York  State  who  might  earn 
money  for  their  college  education  by  keeping  bees.  Several  young  men 
who  have  graduated  from  Cornell  University  earned  part  of  their  col- 
lege expenses  by  this  means.  During  a  favorable  season  a  good  colony 
of  bees  should  produce  enough  honey  to  net  three  to  five  dollars.  Of 
course,  there  are  unfavorable  seasons,  just  as  there  are  poor  seasons 
for  all  kinds  of  agricultural  industries;  but  the  farmer's  boy  will  not 
be  discouraged  by  such  an  occasional  misfortune. 

The  financial  benefit  from  the  work  of  bees  in  carrying  pollen  for 
the  fruit  blossoms  is  undoubtedly  greater  than  that  gained  by  the  direct 
products  of  the  hive.  In  innumerable  instances,  orchards  have  remained 
practically  barren  until  bees  were  introduced  into  the  neighborhood,  when 
they  immediately  began  to  bear. 

Let  us  look  first  at  the  industries  conducted  by  these  insect  socialists. 
If  we  open  a  hive  we  find  in  the  lower  part  the  brood  chamber,  in  the 
combs  of  which  the  young  are  reared;  in  the  supers,  which  are  placed 
above  the  body  of  the  hive,  we  find  the  store  of  honey.  There  is  some 
honey  also  in  the  brood  comb  close  by  for  feeding  the  young. 

The  honeycomb,''^  Let  us  examine  first  the  honeycomb.    We  all  know 
that  it  is  made  of  wax,  yet  very  few  know  how  this  wax  is  produced 
When  it  is  needed,  a  certain  number  of  self -elected  citizen  bees  gorge 
themselves  with  honey  and  hang  up  in  chains  or  curtains,   each  bee 
clinging  by  her  front  feet  to  the  bee  above  her.     There  they  may  re- 
main for  as  much  as  two  days.    Then  little  flakes  of  wax  appear,  pushed 
out  of  four  pairs  of  pockets  on  the  lower  side  of  the  abdomen  of  each 
bee.    The  production  of  wax  is  expensive,  for  it  is  estimated  that  ten  to 
twenty  pounds  of  honey  are  required  to  produce  one  pound  of  wax.   After 
the  wax  has  thus  been  formed,  it  is  taken  by  the  bees  and  chewed,  and 
made  into  honeycomb.     The  structure  of  honeycomb  has  been  the  de- 
light of  mathematicians  from  the  earliest  ages.    The  plan  on  which  it 
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is  built  seems  to  combine  the  perfection  of  strength  with  the  greatest 

possible  space  for  honey.    Each  cell  of  the  honeycomb  is  six-sided  and 

ends  at  the  bottom  in  a  three-sided  pyramid,  the  bottom  of  each  cell 

fitting  in  snugly  with  the  bottom  of  fhe  cell  on  the  other  side  of  the 

comb;   for   honeycomb  of  bees,   unlike   the   comb  of   wasps,   contains 

double     rows     of 

cells.      After    the 

comb      has      been 

built      and      filled 

with     honey,     the 

bees     cover     each 

cell  with  a  flat  cap 

held    in     place    by 

six     little     girders 

extending   from   it 

to    the   angles    of 

the  cell. 

Honey.  —  The 
source  of  honey  is 
the  nectar  which 
bees  find  in  flow- 
ers. This  nectar 
is  an  important 
item  in  the  part- 
nership between 
flowers  and  bees. 
Bees  carry  the 
pollen  for  flowers 
and  thus  secure 
for  them  cross- 
pollenation,  and 
consequently 
stronger  seed.  In 
return,  flowers 

furnish  bees  with 
nectar  and  with  pollen.  But  honey  is  not  pure  nectar.  The  latter  is 
swallowed  by  the  bees,  going,  however,  not  into  the  bee's  true  stomach, 
but  into  the  honey-stomach.  In  this  storage-stomach  a  chemical  action 
takes  place  in  the  nectar,  changing  the  cane  su.q:ar  into  the  more  digestible 
grape  sugar,  and  effecting  other  changes  that  finally  result  in  the  produc- 
tion of  honey.  But  after  the  honey  is  placed  in  the  cells,  it  is  left  for 
some  time  open  to  the  atmosphere  of  the  hive  in  order  to  ripen^^  , 
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5. —  I,  Queen  bee;  2,  drone;    3,  worker  (i-j  are  enlarged}; 
4,  queen  cells 
From  How  to  Keep  Bees — Comstock.     (Drawn  by  A.  J.  Hammer) 
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It  is  hard  for  us  to  realize  that,  until  the  seventeenth  century,  honey 
was  the  only  means  that  the  people  of  the  world  had  for  sweetening 
their  food ;  but  they  did  not  lose  in  the  matter  of  health  for  that,  since 
honey  is  perhaps  the  most  wholesome  and  digestible  of  all  forms  of 
sugar. 

Bee-bread. —  If  we  examine  the  brood  comb,  we  find  that  some  of  the 
cells  contain  a  thick,  dark  substance  which  we  call  bee-bread.  This  is 
composed  of  the  pollen  of  flowers.  The  bee,  when  gathering  pollen 
for  food,  collects  it  with  her  tongue  and  fore  legs  and  probably  mixes 
it  with  nectar  or  saliva  so  that  it  will  hold  together.  It  is  cleaned  oflE 
the  tongue  and  fore  legs  by  the  middle  and  hind  legs  and  by  them  is 
packed  in  the  pollen  baskets  of  the  hind  legs,  in  which  it  is  moulded 
into  golden  balls.  When  the  bee  arrives  at  the  hive  she  backs  into 
a  cell,  thrusts  in  her  legs,  and  scrapes  off  the  pollen  by  a  dexterous 
movement.  She  then  considers  her  duty  done.  Some  other  bee  comes  in 
and  packs  the  pollen  into  the  cell,  using  her  head  to  tamp  it  down. 
This  bee-bread  is  fed,  sometimes  after  being  digested,  in  other  cases 
directly,  to  the  young  bees. 

Propolis  or  bee  glue, —  In  addition  to  these  important  products  of 
the  hive  there  is  one  other  which  seems  to  be  of  great  use  to  the  bees, 
although  it  is  a  trial  to  the  bee-keeper.  This  is  propolis  or  bee  glue. 
The  bees  find  this  sticky  substance  on  the  buds  of  poplars  and  othei 
trees  or  they  sometimes  appropriate  fresh  varnish  for  the  purpose.  There 
are  various  uses  in  the  hive  for  bee  glue.  It  is  employed  as  a  filler  to 
make  smooth  the  rough  places  of  the  hive ;  it  holds  the.  combs  in  place ; 
it  calks  every  crack;  it  may  serve  to  swathe  and  kill  any  intruder  too 
large  to  be  pitched  out  of  the  hive  —  snails  and  slugs  have  been  found 
thus  encased.  It  is  applied  as  a  varnish  to  the  cells  of  the  hon^comb, 
if  they  remain  in  use  for  a  time.  It  is  especially  useful  as  a  window 
shade.  If  in  the  observation  hive  we  leave  a  window  open  too  long,  the 
bees  will  cover  the  inside  of  the  glass  with  a  curtain  of  glue.  The  bee- 
keeper has  to  have  a  bottle  of  alcohol  on  hand  to  clean  his  hands  and 
tools  of  this  glue. 

Having  thus  studied  the  products  of  the  hive,  we  become  more  in- 
terested in  the  wise  little  creatures  who  build  the  wonderful  storage 
vaults  for  their  sweets. 

The  bees, — ^There  are,  in  the  summer,  three  kinds  of  bees  in  even- 
hive  :  the  queen,  the  drones,  and  the  workers. 

The   queen. —  Only  one  queen  does  the  active  work  for  a   hive  ot 
colony.    She  is  larger  than  a  worker  bee  and  has  a  long,  pointed  body. 
Her  business  is  to  lay  all  the  eggs  that  are  needed  to  keep  up  the 
colony.     Hers  is  a  most  interesting  life  history.     Dev^ped  from  an 
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ordinary  worker  egg,  her  lot  is  chosen  for  her  by  the  worker  bees.  They 
make  for  her  a  much  larger  cell  by  tearing  down  the  partitions  between 
three  adjoining 
cells  and  build- 
ing out  a  "bay 
window "  en- 
largement to 
this  large  cell. 
As  soon  as  this 
favored  egg 
hatches  into  a 
little  white  grub, 
it  is  cared  for 
very  specially, 
and  is  fed  for 
all  of  its  grub 
life  on  a  very 
highly  nutri- 
tious food  made 
by  the  worker 
bees  from  the 
secretions  of 
certain  glands 
in  their  heads. 
This  food  has  a 
wonderful  ef- 
fect upon  the 
future  queen. 

After         five 

days  the  queen's  Fig.  6. — Legs  of  honey-bee:  Ay  outer  surface  of  hind  leg  show- 
cell      is      sealed       *^^  ^^^  **^  segments  and  daws;  ph,  the  pollen  basket  of  tibia;  B, 
anrl      tVip     rnval       i^^^  surface  of  part  of  hind  leg;  wpt  wax-pincers;  pc,  pollen- 
^  combs;  C,  inner  surface  of  part  of  hind  leg  of  queen;  D,  inner  sur- 

pnncess  weaves      j^^  ^j  ^^^  ^j  ^^^  ^^^  ^j  ^^^^.  ^^  ^^^  ^j  ^^^^  ^^^  of  worker;  S, 

about   herself    a       spur;  F,  part  of  fore  leg  showing  the  antenna  deaner  a;  G^  part  of 

silken        cocoon       antenna  shotving  sense-hairs  and  sense-pits 

and    changes    to  Prom  How  TO  Kkbp  Bees — Comstock.     (Drawn  by  A.  J.  Hammar) 

a   pupa.     When 

changing  from  pupa  to  adult,  she  cuts  an  opening  in  the  cell,  with  which 
task  the  workers  may  help  her.  As  soon  as  she  comes  out  they  give  her 
every  attention,  feeding  her  and  caring  for  all  her  needs. 

The  first  thing  the  new  queen  is  likely  to  do  is  to  run  about  on  the 
comb  to  find  other  queen  cells.     If  she  is  not  prevented,  she  will  tear. 
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open  these  cells  and  sting  to  death  the  helpless  princesses  within;  but 
if  she  meets  another  queen,  there  is  then  a  battle  royal,  and  they  fight 
until  one  stings  the  other  to  death.  It  is  interesting  to  note  that  the 
queen  uses  her  sting  only  for  another  queen ;  she  will  not  sting  any  other 
creature. 

The  next  important  act  of  the  queen  is  to  fly  out  of  her  hive  some 
sunny  day  and  search  for  a  prince,  one  of  the  bees  which  we  call  dronc5. 
After  her  marriage  she  returns  to  the  hive  and  begins  work.  She  places 
one  egg  in  a  cell,  glueing  it  fast  to  the  bottom.  When  the  season  is  at 
its  height  she  works  with  great  rapidity,  sometimes  laying  at  the  rate  of 
six  eggs  per  minute.  Often  a  queen  will  lay  three  thousand  eggs,  which 
will  equal  twice  her  own  weight,  in  one  day.  Since  the  queen  is  the 
mother  of  all  of  the  bees  developed  in  a  colony,  we  should  see  to  it  that 
she  is  well-bred  and  a  good  queen. 

The  drone. —  The  prince,  as  the  drone  should  be  called,  has  receiver 
much  unmerited  abuse.  lie  is  called  the  idler  of  the  hive,  and  this  i> 
true,  but  he  has  no  tools  to  work  with,  or  weapons  to  fight  with,  cr 
tongue  with  which  to  get  nectar  from  flowers.  Though  he  lacks  the<e. 
he  is  a  big,  burly  fellow  and  has  a  pair  of  splendid  compound  eyes  that 
cover  the  entire  sides  and  meet  at  the  top  of  his  head.  These  eye< 
are  for  seeing  a  queen  when  she  goes  from  the  hive.  He  also  has  a 
pair  of  splendid  wings,  that  he  may  fly  far  from  his  native  hive  in  search 
of  his  queen ;  and  he  has  a  tremendous  buzz,  which  perhaps  attracts  her 
in  his  direction.     He  dies  very  soon  after  the  marriage. 

The  hundreds  of  poor  princes  who  never  find  a  queen  have  no  less  sac 
fate.  They  are  carefully  fed  and  attended  by  their  worker  sisters  until 
the  honey  supply  runs  low;  then  they  are  ruthlessly  killed  by  these 
5>ame  sisters.  The  drones  are  developed  in  larger  cells  than  tlv^e 
of  the  ordinary  worker  bees.  In  almost  all  brood  comb  we  fin^l 
sections  in  which  the  cells  are  larger,  and  these  cells  are  for  cradling  the 
drones. 

The  zvorker. —  But  the  worker  is,  as  in  all  nations,  the  most  important 
part  of  the  bee  republic.  She  hatches  a  plump,  white,  little  grub,  from 
an  egg  placed  in  one  of  the  smaller  cells,  and  she  is  fed  by  the  worker 
nurses,  as  are  all  the  young  bees.  Then  the  workers  cap  the  cell  and 
she  changes  to  a  pupa ;  when  she  finally  changes  to  an  adult  bee,  she  has 
to  cut  her  own  way  out  of  the  cell,  and  no  bee  pays  any  attention  to 
her  when  she  comes  into  the  world.  She  has  to  clean  herself  and  go^^ 
feed  herself  and  get  acquainted  with  the  situation  by  herself. 

Her  first  work  in  the  hive  is  housework.  She  has  to  help  keep  the  hivt 
clean,  help  feed  the  young  bees,  perhaps  wait  on  the  queen,  help  buiM 
the  comb,  and  if  the  hive  becomes  very  hot,  she  must  help  set  up  a  current 
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through  it  by  fanning  with  her  rapidly  moving  wings.  After  she  is  a 
week  old  she  usually  takes  her  first  flight  out  of  the  hive.  She  knows  by 
instinct  what  to  do  —  she  visits  the  flowers  for  honey  and  for  pollen. 
Then  as  a  full-fledged  citizen  she  has  to  work  for  the  whole  community, 
and  in  case  of  attack  must  fight  for  it  also.  If  she  comes  out  at  the 
busy  season,  her  life  is  not  more  than  three  or  four  weeks  in  duration, 
for  by  that  time  her  poor,  hard-working  wings  are  frayed,  so  that  she 
falls  by  the  wayside  while  trying  to  bring  home  supplies. 

The  worker  is  well  fitted  for  her  task;  she  has  strong  wings  and  a 
long  tongue  which  will  reach  far  into  the  flowers;  her  hind  legs  are 
broadened  into  pollen-baskets  above ;  on  the  lower  surface  of  the  hind 
legs  are  both  wax  pincers  lor  taking  off  the  wax  and  pollen-combs  for 
combing  off  the  pollen ;  and  on  each  fore  leg  she  has  a  single  comb  for 
combing  her  antennae  and  keeping  them  clean.  She  has  wax  pockets 
set  in  her  abdominal  segments.  She  has  a  powerful  sting  at  the  tip  of 
her  abdomen.  Within  herself  she  is  a  very  complete  chemical  laboratory, 
for  she  has  four  pairs  of  glands,  opening  into  the  mouth,  each  of  which 
is  supposed  to  yield  chemical  products  used  in  the  care  of  the  brood. 

LESSON    FOR    PUPILS 

Method, —  This  lesson  should  be  in  the  nature  of  a  demonstration. 
If  there  is  an  apiary  in  the  neighborhood,  it  is  possible  that  the  teacher 
may  show  the  pupils  the  bees  at  work,  and  may  study  a  hive  made  ready 
for  them,  with  brood  comb  and  the  sections  for  honey  in  the  market. 
Almost  any  apiarist  will  furnish  specimens  of  worker  bees  and  drones. 

An  observation  hive  in  the  schoolroom  is  an  object  of  great  interest 
to  the  pupils,  since  through  its  glass  sides  they  may  see  for  themselves 
the  wonderful  things  bees  do.  This  study  is  an  excellent  preparation 
for  practical  work  in  the  apiary.  The  observation  hive  is  very  simply 
constructed  and  can  be  made  by  any  one  who  knows  how  to  use  ordinary 
carpenter  tools.  It  is  simply  a  small  beehive  having  on  each  side  a  pane 
of  glass,  which  is  covered  by  a  hinged  door.  A  hive  thus  made  is  placed 
so  that  the  front  end  rests  on  a  window  sill ;  the  sash  is  lifted  an  inch 
or  two,  all  of  the  opening,  except  in  front  of  the  entrance  to  the  hive, 
being  covered  with  ware  netting  or  strips  of  wood.  This  is  to  prevent  the 
bees  from  coming  into  the  room  when  they  are  trying  to  get  into  the 
hive.  A  covered  passage  should  extend  from  the  entrance  to  the  hive  to 
the  outside  of  the  window  sill.  The  window  should  be  one  which  opens 
away  from  the  playground,  so  that  the  bees  coming  and  going  will  not 
come  into  collision  with  the  pupils.  The  observation  window  should  be 
kept  carefully  shaded  except  when  the  pupils  are  using  it,  since  the  bees 
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object  to  light  in  their  homes.    The  apiary  should  be  placed  where 
hives  will  be  shaded  during  the  middle  of  the  day.     The  double-vz 
hives  are  perhaps  the  best  kind,  since  they  keep  the  interior  cool  c:- 
the  summer  and  warm  during  the  winter.    The  A.  I.  Root  &)mpdi 


Fig.  7. — D,  head  of  drone;  Q,  head  of  queen Jbee;  W,  head  of  worker;  X, 
worker  bee  seen  from  below,  showing  plates  of  wax  secreted  from 
wax  pockets 
Prom  How  to  Keep  Bees — Comstock.    (Drawn  by  A.  J.  Hammar) 

Medina,  Ohio,  sells  pretty  observation  hives,  already  stocked,  at  pr 
ranging  from  $1.25  to  $4.00. 

Each  good-sized  colony  should  have  twenty-five  to  thirty  pound> 
honey  stored  in  the  brood  chamber  in  the  fall  in  order  to  keep  the  ^ 
in  good  condition  until   spring.     Removing  the  surplus  honey  on'^ 
supers  is  no  injury  to  the  bees,  if  we  give  them  enough  to  keep  th^^ 
successfully  during  the  winter. 
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References.— "The  Bee  People"  Morley;  "The  A  B  C  and  X  Y  Z 
of  Bee  Culture  ",  Root;  "  How  to  Keep  Bees  ",  Comstock;  Bulletin  397, 
**  Bees  ",  U.  S.  .Department  of  Agriculture. 

Observations. — i.  What  is  a  beehive?  What  do  wild  bees  use  instead 
of  a  hive?    Describe  a  brood  chamber  and  a  super,  and  the  uses  of  each. 

2.  How  is  honeycomb  made?  What  is  the  purpose  of  it?  Describe 
the  shape  and  size  of  one  cell  in  the  honeycomb.  How  is  honey  kept  in 
the  comb?    Where  is  the  wax  developed  from  which  the  comb  is  made? 

3.  How  is  honey  made?  Where  do  the  bees  find  it?  Why  do  they 
store  it?'  Why  should  the  flowers  have  nectar  developed  in  them  so  long 
as  they  have  no  uses  for  nectar  themselves? 

4.  How  is  bee-bread  made  ?  For  what  is  it  used  ?  Where  do  the  bees  find 
"  the  flour  "  for  their  bee-bread  ?   How 
is  it  stored  ?   Do  we  like  the  taste  of  it  ? 

5.  Where  do  the  bees  get  their  bee 
glue?     For  what  do  they  use  it? 

6.  How  much  honey  should  a  good- 
sized  colony  of  bees  have  in  the  fall  in 
order  to  winter  well? 

7.  What  is  the  difference  between  a 
queen  bee  and  other  bees?  What  is 
her  work  in  the  hive?  How  is  she 
cared  for?  Is  there  more  than  one 
active  queen  in  the  hive?    Why? 

Write  an  English  theme  on  the  de- 
velopment of  the  queen  bee  and  her 
duties. 

8.  Describe  a  drone.  Why  does  not  the  drone  gather  nectar  and 
pollen?  How  do  the  drone's  eyes  differ  from  those  of  the  worker? 
What  happens  to  the  drone  when  the  supply  of  honey  runs  out?  What 
would  happen  to  the  bee  colony  if  all  the  drones  were  kept  alive  and  fed 
on  the  honey  stored  for  winter?  If  we  call  the  mother  of  the  colony  the 
queen,  why  not  call  the  drone  the  king? 

Write  an  English  thtmeo^jh^^ii^i/ftmii^'mdf''^^  ^^^^  ^gg  ^^ 
adult  and  give  an  acf00^ff^irnsl\ie. 

9.  How  does  t^^orker  bee  differ  from  the  queen  and  the  drone? 
With  what  too^^<^s  the  worker  gather  the  nectar?  What  does  she  do 
to  the  nectar  after  she  swallows  it  and  before  she  again  deposits  it  in 
the  cell?  I^  we  could  gather  nectar  from  flowers  do  you  think  we  could 
make  it  i^^^  honey?  How  does  the  worker  bee  gather  pollen?  How 
does  sb^  carry  it?  What  does  she  do  with  it?  How  is  wax  produced? 
iPf^,,.  is  comb  built?    How  does  the  worker  fi^^t? 


Fig.  8. — Home-made  ohservatum  hive 
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Write  English  themes  on  the  following  subjects:  The  partnership 
between  flowers  and  bees.  The  life  story  of  a  worker  bee,  including  her 
development  and  all  of  her  duties  in  the  hive. 


"  All  along  under  the  bank  I  heard  the  hum  of  honey-bees  in  the  air, 
attracted  by  this  flower  (skunk  cabbage).  Especially  the  hum  of  one 
within  a  spathe  sounds  deep  and  loud.  They  circle  about  the  bud  at  fim 
hesitatingly,  then  alight  and  enter  at  the  open  door  and  crawl  over  the 
spadix,  and  reappear  laden  with  the  yellow  pollen.  What  a  remarkable 
instinct  it  is  that  leads  them  to  this  flower !  This  bee  is  said  to  have  been 
introduced  by  the  white  man,  but  how  much  it  has  learned  f  This  is  the 
only  indigenous  flower  in  bloom  in  this  town  at  present,  and  probably  I  and 
my  companion  are  the  only  men  who  have  detected  it  this  year ;  yet  this 
foreign  fly  has  left  its  home,  probably  a  mile  off,  and  winged  its  way  to 
this  warm  bank  to  the  only  indigenous  flowef  that  has  been  in  flower  for 
a  fortnight  past."     Thoreaii,  Journal 


I 


RECOGNITION  OF  INSECTS  IN  1911-12 
Anna  Botsford  Comstock 

The  cuhvorm. —  Cutworms  are  the  rascals  which,  working  by  nigftt, 
cut  off  corn  and  other  plants  before  they  are  fairly  started.  There  are 
many  species  of  cutworms,  and  they  are  all  the  young  stages  of  noctuid 
moths,  which  are  called  the  "  owlet  moths."  The  eggs  from  which  the 
cutworms  hatch  are  laid  by  the  mother  moth  during  the  summer.  The 
caterpillars,  after  they  hatch,  feed  on  the  roots  of  tiny  plants,  but  at 
this  time  they  are  so  small  and  there  is  so  much  for  them  to  eat  that 
they  are  rarely  obselwd^^^s  winter  approaches,  they  bury  themselves  in 
the  ground  and  remain  there  until  sprm|T*!l|^^  ^^^^  ^"^'  ^^^^  . 
there  are  comparatively  few  plants  growing  excSlli!^^^  which  ye  ■ 
have  planted  in  our  fields  and  gardens,  we  note  thX^SSLl^  \ 

They  do  their  work  at  night,  remaining  conceale^irrhr^u^  5 
the  day.     The  adults  of  cutworms  are  vfry  preUy  br^wn^^^^  "^"^ 

wmgs  marked  with  dark  brown  in  attractive  patterns 
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The  cricket. —  We  have  several  common  species 
of  cricket.  There  are  small  black  crickets,  and 
there  are  small  white  crickets,  called  the  snowy 
tree-crickets,  which  live  in  shrubs  or  in  trees ;  but 
perhaps  the  insect  we  have  in  mind  when  we 
speak  of  crickets  is  the  common  large  black  one. 
The  cricket  has  wing-covers  that  are  flat  above 
and  are  bent  sharply  down  at  the  sides  of  the 
body,  like  a  book  cover.  The  black  crickets  have 
no  wings  beneath  these  wing-covers.  The  males 
have  their  wings  transformed  into  a  musical  in- 
strument which  may  well  be  compared  to  a  man- 
dolin. Each  wing-cover  has  on  its  base,  near  the 
inner  margin,  a  little,  roundish,  hardened  portion 
which  is  called  the  "  scraper,"  and  it  has,  extend- 
ing directly  across  it,  a  vein  which  is  ridged  and 
which  is  called  the  "file."  When  a  cricket 
wishes  to  make  his  call,  he  elevates  his  wing-covers  at  an  angle  of  about 
45  degrees  to  the  body  and  draws  the  scraper  of  one  wing  across  the  file 
of  the  other.  This  act,  by  throwing  the  wing-covers  into  vibration,  pro- 
duces the  call.  The  female  cricket  has,  at  the  tip  of  the  body,  a  long  ovi- 
positor, which  looks  like  a  bayonet.  Crickets  have  long  and  sensitive 
antennae.  They  are  largely  vegetable  feeders,  and  make  their  caves  under 
stones  and  in  other  protected  places. 


Fig.  9. — A  cricket  cage 


shmc 


Pig.  10.— Crickets  afield 
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The  hornet. —  Many  species  of  wasps  arc  knoiwn  by  thii 
name.  The  most  common,  perhaps,  are  the  yellow  jstckets 
and  the  white-faced  hornets,  the  latter  being  mucli  larger 
than  the  former.  Each  of  these  species  builds  its  nest  .  ■: 
paper,  which  they  manufacture  by  chewing*  bits  of 
weather-worn  wood.  Sometimes  the  nests  are  attached  to 
trees  or  buildings  and   sometimes  they  are  built   in  the  ground. 

All  wasps  have  four  wings,  the  hind  pair  being  smaller  than  the  front 
pair.    The    mouth-parts    are    formed    for    biting    and    sucking.      The 
females  have  a  sting,  an  efficient  weapon  of  defense  and  of    offense 
All  hornets  are  social  insects,  each  colony  existing  for  only  one  season. 
The  males  and  the  workers  die  in  the  autumn ;  the  fully  develoi>ed  females 
or  queens,  hibernate,  and  each  starts  a  new  colony  in  the  spring.     In 
the  early  part  of  the  season  only  workers  are  produced;  later  the  kings 
and  queens  or  males  and  females  appear,  but  it  is  difficult  for  us  to 
distinguish  them  because  they  are  colored  much  like  the  workers.     The 
young  wasps,  like  the  young  bees,  are  whitish  grubs.     Wasps  feed  on 
insects,  fruit  juices,  nectar  of  flowers,  and  honeydew. 

Dragon-fly, —  This   insect   has    four    membranous   wings    finely 
netted  with  veins.     The  hind  wings  are  as  large  as  the  fore 
wings,    sometimes    larger.     Thus    the    insect    flies    with    re-     j 
markable  rapidity.     The  mouth-parts  are  formed  for  bit- 
ing.    The  eyes  are  very  large.     The  antennae  are  short 
The  dragon-flies  benefit  us  very  much  by  catching  mos- 
quitoes, gnats,  and  similar  insects  while  on  the  wing. 

There  are  two  distinct  types  of  dragon-flies:  In  one,  the 
wiTTgs,  when  at  rest,  are  extended  horizontally ;  in  the  other,  the 
resting  wings  are  folded  together  above  the  body.  The  latter 
are  called  damsel-flies.  The  young  of  the  dragon-flies  live  in 
the  water,  and  do  not  resemble  their  parents  except  in  the  peculiar 
form  of  the  mouth. 


'  Bubble,  bubble,  flows  the  stream 
Like  a  song  heard  in  a  dream. 

***** 

Dancing  wasp  and  dragon-fly, 
Wood-thrush  whistling  tenderly. 
***** 

Bubble,  bubble,  flows  the  stream, 
Like  low  music  through  a  dream." 

—  Maurice  Thompm 
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'  The  cecropia  moth, —  The  cecropia  moth  is  the  largest  of  our  American 
silkworm  moths;  its  wings  often  measure  five  to  six  inches  when  ex- 
panded. The  ground  color  of  the  wings  is  a  grayish  dusky  brown/  The 
wings  are  crossed  beyond 
the  middle  by  a  white  band, 
which  is  broadly  margined 
on  the  outside  with  brown- 
ish red;  and  there  is  a  red 
spot  near  the  apex  of  the 
fore  wing.  Each  wing  bears 
near  its  center  a  crescent- 
shaped  white  spot  bordered 
with  red.  The  outer  margin 
of  the  wings  is  clay-colored, 
and  it  joins  the  body  color 
of  the  wing  with  a  zigzag 
line.  The  body  is  banded 
with  reddish  color  and 
white,  and  is  very  fuzzy. 
The  antennae  are  feather- 
shaped. 

The  full-grown  caterpil- 
lars of  the  cecropia  measure 
three  to  four  inches  in  length 
and  are  dull  bluish  green  in  color.  The  segments  are  adorned  with  tuber- 
cles, those  of  the  third  thoracic  segment  being  larger  than  the  others  and 
coral  red.  This  caterpillar  spins  a  characteristic  cocoon  of  silk,  which 
the  children  call  a  cradle  because  of  its  shape. 

Editor's  note. —  Children  frequently  bring  the  cocoons  of  the  cecropia 
moth  to  school  and  are  much  disappointed  when  later  in  the  year  the  moth 
does  not  develop.  Frequently  the  failure  is  caused  by  the  hot,  dry  condi- 
tion of  the  schoolroom.  The  cocoons  should  be  left  in  a  cool  place  and 
occasionally  dipped  in  water  that  they  may  not  become  too  dry. 

Whenever  there  is  actual  material  at  hand  the  children  should  be  taught 
the  differences  between  moths  and  butterflies.  The  following  characteris- 
tics will  distinguish  them. 

Butterflies  have  uncovered  pupae.  They  fly  by  day.  The  wings  are 
folded  over  the  back  when  at  rest.  The  antennae  or  feelers  have  knobs 
on  the  ends.     The  body  is  slender. 

Moths  have  pupae  either  inside  cocoons  or  protected  by  being  under- 
ground or  in  some  sheltered  place.  Many  moths  fly  at  night.  The  anten- 
nae are  never  knobbed.  They  leave  the  wings  spread  when  they  are  at 
rest.     The  body  is  stout.  ^  , 
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THE  ELM  LEAF-BEETLE 

Glenn  W.  Herrick 

Nearly  eighty  years  ago  some  small,  inconspicuous  beetles  were 
brought  into  the  city  of  Baltimore  from  somewhere  in  Europe.  It  is 
uncertain  how  they  came  to  this  country.  They  did  not  attract  much 
attention  at  first  but  in  four  or  five  years  they  began 
to  cause  serious  injury  to  elm  trees.  Since  that  time 
they  have  gradually  spread  over  the  country  until 
now  they  are  found  as  far  north  as  New  York  and 
Massachusetts  and  westward  to  Ohio  and  Kentucky. 
In  New  York  State  this  insect  is  destructive  in  the 
eastern  and  central  sections  and  very  likely  will 
gradually  spread  over  most  of  the  State. 

The  appearance  of  the  beetle, — The  insect  is  about 
one-fourth  of  an  inch  long.  In  general,  it  is  yellow- 
ish or  brownish  yellow  in  color,  with  a  dark  line 
along  each  side  of  its  back  (Fig.  12).  Its  color  varies 
somewhat,  and  the  over-wintering  beetles  are  often 
so  dark  colored  that  the  brownish  yellow  almost  disappears  and  the  black 
lines  are  hardly  noticeable.  It  is  quite  likely  to  be  confused  with  the 
common  striped  cucumber  beetle,  although  it  is  considerably  larger. 

Story  of  its  life. —  In  the  fall  of  the  year  many  of  the  full-grown  beetles, 
in  searching  for  snug  crannies  in  which  to  pass  the  winter,  find  their  way 
into  dwelling  houses,  congregating  especially  in 
the  attics  where  they  may  often  be  found  by  the 
score.  Housekeepers  are  sometimes  alarmed 
when  they  see  so  many  of  these  beetles  crawling 
on  the  window  panes,  walls,  and  ceilings  of  the 
rooms,  thinking  very  likely  that  here  is  another 
household  pest.  Fortunately,  as  far  as  the 
writer  knows,  these  insects  do  not  injure  house- 
hold articles  of  any  description.  Some  of  the 
beetles  hide  away  under  loose  pieces  of  bark  on 
trees,  in  cracks  in  fences  and  telegraph  poles,  in 
outhouses,  sheds,  and  in  any  other  sheltered 
places  they  are  able  to  find.  Here  they  re- 
main in  a  quiet,   inactive  condition  through  the 

long  winter  months.     With  the  warm  days  of  spring,  the  beetles  awake 
and  begin  crawling  about  on  tlie  walks  and  on  the  window  panes. 


Fig.  13,— Pupa  of  the  dm 

leaf-beetle 
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Fig.  14. —  Eggs  natural  size,  and  much  enlarged 


As  soon  as  the  leaves  begin  to  appear,  the  insects  fly  to  the  trees  for 
their  first  spring  meal.  After  feeding  for  some  time  they  deposit  their 
conspicuous  orange-colored  eggs  (Fig.  14)  in  clusters  of  five  to  twenty- 
five  on  the  under  sides  of  the 
leaves.  Each  egg  is  flask- 
shaped  and  stands  upright  with 
its  larger  end  attached  to  the 
leaf.  The  eggs  hatch  in  five  or 
six  days  during  hot  weather, 
but  in  cool  weather  this  period 
may  be  prolonged  several  days. 
In  Ithaca,  the  majority  of  the 
eggs  are  laid  during  the  latter 
part  of  May  and  the  first  part 
of  June.  Usually  by  the  first 
or  second  week  in  June  the 
young  grubs  appear  in  force. 
The  grubs  eat  ravenously,  increase  in  size  very  fast,  and  complete  their 
growth  in  fifteen  to  twenty  days  (Fig.  15).  When  full  grown  they 
either  crawl  down  the  trunk  of  the  tree  or  drop  from  the  ends  of  the 
branches.  At  the  base  of  the  trunk  many  of  the  larvae  transform  to 
the  yellow  pupae  (Fig.  13).     Sometimes  they  are  so  numerous  that  the 

golden  pupae  lie  an  inch  deep 
about  the  foot  of  the  tree. 
Other  larvae  transform  in 
crevices  of  the- bark,  especially 
if  the  trunk  is  rough;  some  go 
to  the  gutters ;  others  seek  shel- 
ter in  crevices  of  the  sidewalk 
and  wherever  they  can  find  hid- 
ing places.  The  quiet,  inactive 
pupae  lie  motionless  for  six  to 
ten  days  and  then  transform  to 
the  adult  beetles,  thus  complet- 
ing the  life  round  of  one  gener- 
ation. In  some  localities  there 
is  a  second  brood  that  does  as 
much     damage     as     the     first 


Fig.  15. — Grubs  nearly  grown 


brood ;  and  farther  South  there  may  even  be  a  third  brood. 

Methods  of  control. —  Since  the  elm  leaf-beetle  and  its  grub  have  biting 
mouthparts,  both  of  them  may  be  killed  by  putting  a  poison  on  the  leaves 
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where  the  insects  will  eat  it  when  they  eat  the  leaves.  The  best  poison  for 
this  is  arsenate  of  lead,  a  white  substance.  When  mixed  with  water  at  the 
rate  of  three  pounds  to  fifty  gallons  and  sprayed  on  the  leaves,  the 
arsenate  of  lead  will  remain  there  for  many  days.  Because  of  its  color, 
one  can  see  when  the  leaves  ^re  coated  with  the  poison. 

The  author  has  found  that  large  elm  trees  can  be  sprayed  thoroughly 
for  twenty-five  cents  each.  Ordinarily  it  will  cost  more,  but  should 
not  cost  over  $.75  or  $1  for  the  very  largest  trees.  A  gasoline  engine 
and  large  pump  are  best  for  spraying  tall  trees,  but  one  or  two  trees  on 
a  lot  can  be  sprayed  with  a  barrel  pump. 

OBSERVATIONS  FOR  PUPILS 

1.  See  whether  the  elm  leaf-beetles  can  be  found  in  the  house  during  the 
fall,  winter,  or  spring.  Look  in  the  attics,  on  window  panes,  and 
similar  places.  How  large  are  they?  What  color  are  they?  Do  they 
fly  readily? 

2.  What  is  the  color  of  the  legs?  Describe  the  antennae  or  make 
drawings  of  them.  Do  the  beetles  have  eyes?  If  so,  how  many,  and 
where  are  they? 

3.  How  many  pairs  of  wings  do  these  insects  seem  to  have?  How 
do  these  wings  differ?  The  outside  pair  is  called  the  wingcovers  or 
elytra.     Insects  having  a  pair  of  elytra  are  called  beetles. 

4.  Watch  the  beetles  and  find  out  how  early  in  the  spring  they  leave 
their  winter-quarters  and  go  to  the  trees.  Watch  them  on  the  trees  and 
notice  how  they  injure  the  leaves.  What  kind  of  mouthparts  do  you 
think  they  have,  biting  or  sucking? 

5.  In  May,  see  whether  you  can  find  the  rows  of  eggs.  What  color 
are  the  eggs  ?  Where  are  the  eggs  laid  ?  How  many  in  a  bunch  ?  What 
is  the  shape  of  each  egg  ?     Find  out  when  these  eggs  hatch. 

6.  Describe  the  tiny  grub.  How  does  the  grub  injure  the  leaf?  What 
part  of  the  leaf  does  it  eat?  What  kind  of  mouthparts  does  it  have? 
What  color  is  it  at  first  and  later  on?  How  long  does  it  take  the  grubs 
to  become  full  grown? 

7.  When  the  grubs  become  full  grown  they  crawl  down  the  tree  trunk 
and  change  to  orange-colored  pupae,  usually  at  the  foot  of  the  trunk. 
How  long  do  these  pupae  remain  quiet  before  the  beetles  appear?  Watch 
the  beetle  crawl  out  of  the  pupal  skin. 

8.  Do  you  find  any  eggs  on  the  leaves  of  the  elm  trees  in  your  localitr 
in  July  or  August  ?  If  so,  there  will  probably  be  another  brood  of 
beetles. 
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THE  COMMON  SQUASH  BUG 
Glenn  W.  Herrick 

Perhaps  the  most  familiar  insect  that  works  on  squashes  and  pumpkins 
is  the  common  black  squash  bug,  often  called  the  stink  bug  because  of 
its  disagreeable  odor.  This  bug  is  found  in  nearly  all  parts  of  the 
United  States,  and  is  especially  abundant  east  of  the  Rocky  Mountains. 

Appearance  of  the  squash  bug. —  The  adult  bug  (Fig.  16)  is  usually 
over  half  an  inch  long;  very  large  ones  may  be  nearly  three- fourths  of  an 
inch  in  length.  It  is  blackish  brown  above,  and  underneath  is  specked  with 
yellow.  Its  head  is  small  and  narrow  and  bears  a  prominent  black  eye  on 
each  side.  Reaching  out  in  front  are  two  long  antennae,  the  joints  of 
which  are  long  enough  to  be  counted  with  the  naked  eye.  On  the  under 
side  of  the  head  is  a  long,  slender  beak  that  is  carried  close  to  the  body 
between  the  first  two  pairs  of  legs.  This  beak  constitutes  the  mouthparts 
of  the  bug,  making  it,  therefore,  a  sucking  insect. 

The  beak  has  a  deep  groove  on  the  upper  side.  Lying  in  this  groove  are 
four  tiny,  thread-like  bodies.  These  have  fine  teeth  at  their  tree  ends  and 
are  used  by  the  insect  to  puncture  a  leaf 
or  stem.  The  juice  of  the  plant  is  then 
drawn  into  the  mouth  of  the  insect. 

It  is  important  to  know  that  the 
squash  bug  injures  plants  in  more 
than  one  way:  (i.)  It  sucks  out  the 
sap  from  the  leaves.  (2.)  When  it 
punctures  or  "  stings  "  a  leaf,  it  in- 
jects a  drop  of  liquid  that  poisons  the 
cells  and  causes  the  leaf  to  turn 
brown  and  wilt.  (3.)  It  sometimes 
carries  a  certain  disease  from  one 
plant  to  another.  The  bacteria  caus- 
ing this  disease  among  squashes  and 
•  melons  get  on  the  beak  of  the  bug  and  so  are  carried  from  plant  to  plant. 

Story  of  its  life. —  The  full  grown  bugs  hide  in  the  fall  beneath  stones, 
boards,  leaves  and  any  rubbish  that  they  may  find.  In  the  spring  they 
come  from  their  hiding  places  and  begin  their  search  for  squash  vines. 
When  they  find  the  plants,  they  soon  commence  to  lay  their  brown  eggs 
on  the  under  sides  of  the  leaves,  and  sometimes  on  the  upper  sides  also. 
Occasionally  the  eggs  are  laid  in  regular  rows,  as  shown  in  Fig.  17.  In 
eight  to  twelve  days  small  green  and  black  bugs  hatch  from  the  eggs. 


Fig.  16. — The  squash  bug:  a,  an  aduU; 
fit  a  nymph 
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They  are  somewhat  like  the  full-grown  bugs  but  without  wings  and  with 
long  legs.  They  are  called  nymphs  (F"ig.  16),  and  each  one  has  a  beak  with 
which  it  punctures  the  leaf  and  sucks  out  the  juices.     The  nymphs  grow 

and  shed  their  skins  five  times  before 
they  become  adults.  More  than  a  month  is 
usually  required  for  the  bug  to  reach  full  size. 
Methods  of  control. —  These  bugs  are  ver}* 
hard  to  control  when  they  are  present  in  a 
^f"        *ii3f  .^   garden.     Poisons  will  not  kill  them  because 

■^  jf  ^£*tf  /        ^^^y   ^^   "^^  chew   the  leaves  but    suck   the 

^'//'.*  7^%^  v*/        /'         juices  from  the  in^de  of  the  leaves. 
^Vf^"    m!V\:t   '  X ^  Early  in  the  spring  one  should  keep  a  sharp 

lookout  for  the  old  bugs  and  catch  them  b\ 
hand,  killing  as  many  as  possible  before  they 
lay  their  eggs.     A  little  later  the  eggs  may  be 
Fig.  n.-EggsJ  a  squash  hug    ^^^^^  ^^^  destroyed  also. 

The  bugs  may  be  trapped  under  pieces  of 
boards,  bark,  or  shingles  laid  on  the  ground.  The  bugs  will  craw^l  under 
these  for  shelter  and  may  be  caught  and  killed  early  in  the  morning. 

All  the  vines  should  be  gathered  and  burned  in  the  fall,  thus  destroy- 
ing many  of  the  bugs,  and  preventing  a  swarm  of  them  the  next  year. 

OBSERVATIONS  FOR  THE  PUPILS 

What  time  in  the  spring  do  the  full  grown  bugs  appear?  What  color 
are  they  on  the  back  ?  On  the  under  side  ?  How  many  wings  have  they  ? 
How  many  joints  in  the  antennae? 

Where  are  the  eyes?    What  color  are  they? 

Where  is  the  beak?  How  long  is  it?  Watch  a  bug  puncture  a  leaf 
of  the  squash. 

Look  for  the  eggs  on  the  under  sides  of  the  leaves.  What  color  are 
they?  What  is  the  shape  of  a  single  tggf  Are  the  eggs  laid  in  rows 
or  in  an  irregular  manner,  or  both  ways?  Note  how  long  it  takes  the 
eggs  to  hatch. 

Describe  a  young  bug.  Does  it  have  wings?  Are  its  legs  long  or 
short  compared  with  its  body?  Do  the  young  bugs  differ  in  size?  Do 
any  of  them  have  wings  or  anything  that  seems  to  look  like  wings? 

Do  the  bugs  bite  off  and  chew  pieces  of  the  leaves,  as  does  the  elm 
leaf-beetle  ? 

Do  you  think  a  poison  sprayed  on  the  leaves  would  kill  the  bugs? 
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HENRY  DAVID  THOREAU 

Edward  Mowbray  Tuttle 

^N  country  life  joy  comes  with  a  knowledge  and  under- 
standing of  the  things  of  nature  which  abound  there. 
^^  Life,  anywhere,  is  full  and  rich  and  deep  in  propor- 
tion as  one  is  responsive  to  his  environment.  No- 
where is  there  such  a  wealth  of  material  for  study  as 
in  the  great  outdoors,  and  country  boys  and  girls  will 
be  full  of  spirit  and  resourcefulness  when  they  come 
to  understand  and  love  the  things  around  them. 

Much  can  be  gained  as  a  basis  for  this  understanding 
through  reading  what  some  of  our  great  literary  students  of 
nature  have  written  of  the  things  they  have  experienced. 
So  it  is  our  purpose  in  this  Leaflet  to  give  each  year  a  short  sketch  of  the 
life  of  one  of  these  men,  together  with  quotations  from  his  writings,  and 
to  suggest  certain  of  his  works  to  be  read  during  the  year.  Such  reading 
will  quicken  the  interest  and  develop  the  spirit  of  the  boys  and  girls. 

For  this  year  we  have  chosen  the  works  of  Henry  David  Thoreau,  who 
was  born  in  Concord,  Massachusetts,  July  12,  1817.  He  early  developed 
those  characteristics  which  marked  him  later  in  life :  directness,  earnest- 
ness, simplicity,  a  great  love  of  the  out-of-doors,  a  dislike  of  convention, 
a  strong  belief  in  individuality,  and  a  gift  of  literary  expression.  He  pre- 
pared in  Concord  for  Harvard  University  from  which  he  was  graduated 
in  1837.  He  taught  school  a  while  and  lived  for  a  time  in  the  family  of 
Ralph  Waldo  Emerson.  The  remainder  of  his  life  was  spent  quietly  in 
Concord  and  its  vicinity,  where  he  supported  himself  by  surveying  land. 
But  Thoreau's  real  occupation  was  writing,  and  he  early  formed  the  habit 
of  keeping  a  daily  journal  of  his  thoughts  and  observations,  which  he  con- 
tinued throughout  his  life.  He  was  a  great  walker  and  always  on  his  ex- 
cursions found  much  material  for  new  records.     He  died  May  6,  1862. 

Familiarity  with  the  writings  of  Thoreau,  of  which  we  recommend  par- 
ticularly his  Journal  and  Walden,  gives  a  new  feeling  for  nature  and  a 
new  sense  of  the  joy  and  freedom  of  life  when  it  is  allowed  to  find  full 
expression,  unhampered  by  convention. 

During  the  coming  year  we  hope  the  teachers  will  help  the  children  to 
know  something  of  this  real  nature  writer  and  great  man.  Have  them 
read  selections  from  Thoreau's  works  and  commit  to  memory  some  oi 
the  quotations  given  in  this  Leaflet.  Help  them  to  absorb  his  thought 
and  style,  and  then  go  out  and  find  such  things  as  he  found  in  his  asso^ 
elation  with  the  outdoor  world. 
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Following  are  a  few  quotations  from  the  writings  of  Thoreau  that  may 
be  associated  with  the  practical  lessons  for  this  year's  work. 

Cows. — "  The  year  has  many  seasons  more  than  are  recognized  in  the  almanac 
There  is  that  time  about  the  first  of  June,  the  beginning  of  summer,  when  the 
buttercups  blossom  in  the  now  luxuriant  grass  and  I  am  first  reminded  of  mowing 
and  of  the  dairy.  Every  one  will  have  observed  different  epochs.  There  is  the 
time  when  they  begin  to  drive  cows  to  pasture, —  about  the  twentieth  of  May,— 
observed  by  the  farmer,  but  a  little  arbitrary  year  by  year.  Cows  spend  thc.r 
winters  in  bams  and  cow-yards,  their  summers  in  pastures.  In  summer,  therefore, 
they  may  low  with  emphasis,  '  To-morrow  to  fresh  woods  and  pastures  new.'  J 
sometimes  see  a  neighbor  or  two  united  with  their  boys  and  .hired  men  to  drive 
their  cattle  to  some  far-off  country  pasture,  fifty  or  sixty  miles  distant  in  Xcvr 
Hampshire,  early  in  the  morning,  with  their  sticks  and  dogs.  It  is  a  memoraKc 
time  with  the  farmers*  boys,  and  frequently  their  first  journey  from  home.  The 
herdsman  in  some  mountain  pasture  is  expecting  them.  And  then  in  the  fall,  when 
they  go  up  to  drive  them  back,  they  speculate  as  to  whether  Janet  or  Brindle  wi!^ 
know  them.  I  heard  such  a  boy  exclaim  on  such  an  occasion,  when  the  calf  of 
the  spring  returned  as  a  heifer,  as  he  stroked  her  side,  *  She  knows  me,  father; 
she  knows  me.'    Driven  up  to  be  the  cattle  on  a  thousand  hills." —  Journal 

Hens. — "  And  now  at  half  past  lo  o'clock,  I  hear  the  cockerels  crow  in  Hub- 
bard's barns  and  morning  is  already  anticipated.  It  is  the  feathered  wakefu! 
thought  in  us  that  anticipates  the  following  day.  This  sound  is  wonderfully  ex- 
hilarating at  all  times.  These  birds  are  worth  far  more  to  me  for  their  crowing 
and  cackling  than  for  their  drumsticks  and  eggs.  How  singular  the  connection 
of  the  hen  with  man, —  that  she  leaves  her  eggs  in  his  barns  always!  She  is  a 
dome3tic  fowl,  though  still  a  little  shyish  of  him.  I  cannot  (help)  looking  at  the 
whole  as  an  experiment  still  and  wondering  that  in  such  a  case  it  succeeds.  There 
is  no  doubt  at  last  but  hens  may  be  kept.  They  will  put  their  eggs  in  your  barn 
by  a  tacit  agreement.    They  will  not  wander  far  from  your  yard." — ^Journal 

"  I  notice  that,  in  the  tracks,  hens'  toes  are  longer  and  more  slender  than  cart- 
ridges and  more  or  less  turned  and  curved  one  side." — Journal 

Apples. — "  Early  "apples  begin  to  be  ripe  about  the  first  of  August ;  but  I  think 
rone  of  them  are  so  good  to  eat  as  some  to  smell.  One  is  worth  more  to  scent 
your  handkerchief  with  than  any  perfume  which  they  sell  in  shops.  The  fra- 
grance of  some  fruits  is  not  to  be  forgotten,  aloTig  with  that  of  flowers.  Sorne 
gnarly  apple  which  I  pick  up  in  the  road  reminds  me,  by  its  fragrance,  of  the 
wealth  of  Pomona, —  carrying  me  forward  to  those  days  when  they  will  be  col- 
lected in  golden  ruddy  heaps  in  the  orchards  and  about  the  cider  mills. 

A  week  or  two  later,  as  you  are  going  by  orchards  or  gardens,  especially  w 
the  evenings,  you  pass  through  a  little  region  possessed  by  the  fragrance  of  npe 
apples,  and  thus  enjoy  them  without  price  and  without  robbing  anybody.'*— Excursions 
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I  PLOW 

L.  H,  Bailey 

Quick  smell  of  the  earth,  I  am  come  once  more 
To  the  feel  of  th'  soil  and  the  sky  before 
To  the  tang  of  th'  ditch  and  wift  of  the  bough 
With  stamp  of  my  team  and  grip  of  my  plow. 

I  am  blowing  again  with  th'  wind  and  rain 

I  am  falling  A^ith  frost  and  snow 
Yearning  once  more  with  the  fields  that  have  lain 

Through  the  months  of  the  drouth  and  flow, — 
You  shall  hear  the  clank  of  my  plow  and  chain  . 

Where  my  hard-harnessed  horses  throw 
And  follow  the  welts  that  I  rip  in  twain 

As  I  turn  up  the  lands  below. 

Jangle  and  crunch  in  the  far-windy  morn 

Cut  and  grind  through  the  singing  sod 
Stone  and  high-hummock  and  thistle  and  thorn 

Rpot  and  stubble  and  rolling  clod 
Puddles  that  break  into  furrows  foreshorn 

Helm  of  the  handles,  plow-point's  prod, — 
With  hale  of  great  harvests  my  bouts  are  borne 

Over  th'  vasts  of  the  glebes  of  God. 

Mete  to  the  mark  are  my  furrows  full-set 
Hard  with  the  muscle  and  marrow  and  sweat 
Straightforth  is  the  way  and  the  fields  are  rife 
High  over  the  heights  of  the  hills  of  life. 
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NOTES 
The  Editor 


"^traiglft  tttittr  rgr  lyatli  nutdlft  ttrm  |iUaBitrra 
VifUet  tlfF  latUk0ra{te  tmmh  tt  nuumxttB." — John  MUion 

In  the  following  lessons  we  have  given  more  material  for  the  study  of 
cows  than  any  teacher  will  take  up  in  the  classroom  during  the  year. 
The  teacher  should,  however,  have  more  knowledge  of  the  subject  than 
is  presented  to  the  boys  and  girls  and  from  the  material  given  he  will  be 
able  to  select  the  lessons  that  have  the  most  live  interest  for  his  school. 
The  work  will  find  a  more  active  response  in  the  dairy  sections  of  the 
State. 

The  series  of  lessons  should  commence  with  the  observation  of  cows 
as  we  see  them  in  the  fields.  Thoreau  says :  "  The  color  of  the  cows 
on  Fair  Haven  Hill,  how  fair  a  contrast  to  the  hillside!  How  striking 
and  wholesome  their  clean  brick-red.  When  were  they  painted?  How 
carelessly  the  eye  rests  on  them,  or  passes  them  by  as  things  of  course !  *' 
Artist  and  poet  have  been  conscious  of  this  picturesqueness  and  what- 
ever of  the  artist  and  the  poet  is  potential  in  the  child  should  be  devel- 
oped. In  our  teaching  we  should  help  the  pupils  to  an  appreciation  of 
country  life  pictures,  the  while  they  spend  their  youth  where  pastures 
are  and  woodland  places  or  where  streams  have  space  to  wander. 

In  presenting  the  lessons  on  dairying,  a  visit  should  be  made  to  a  dairy 
farm,  if  possible.  '  For  this  trip  the  teacher  should  prepare  the  pupils  by 
a  classroom  lesson  on  the  things  to  be  observed.  Try  to  have  the  farmer 
give  a  talk  on  his  personal  experiences  in  dairying. 

A  Babcock  test  machine  has  been  found  of  value  in  many  rural 
schools.  It  should  be  a  part  of  the  equipment  and  when  the  pupils  have 
learned  to  make  the  test,  the  teacher  should  have  them  make  it  at  a 
Farmers'  Institute  or  at  a  Teachers'  Association. 
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LESSONS  ON  DAIRYING 

I.      THE   COLORS   OF   COWS 

E.  S.  Savage 

^URE  bred  cows  constitute  about  Ij4  per  cent 
(V^:^'^^fe'*S.>^  IJ/  only  of  the  cows  raised  in  New  York  State. 
y^fe^r'T^       ^^^^"^^     ^^^^  number  should  be  increased,  for  it  costs 
'•^^l   \^    \  }^^,^f   ^^  more  to  keep  pure  bred  animals  than  grade 
animals;  and  the  profit  from  pure  bred  animals 
is   likely   to   be  larger   than  that   from  grades. 
Furthermore,  it  is  a  great  satisfaction  to  own  a  fine, 
I  pure  bred  herd  of  cows.     Let  us  teach  boys  and  girls 
to  recognize  the  four  leading  dairy  breeds  of  cattle  and 
the  four  leading  beef  breeds.     The  lessons  will  give  some 
interesting  study  in  color  and  in  markings,  and  the  young 
persons    will   make   a   beginning  on   observation   of   cattle 
in  the  neighborhood. 

The  four  great  dairy  breeds  in  New  York  State,  in  order  of  numbers 
of  cows,  are  the  Holstein-Friesian,  called  simply  Holstein,  the  Jersey,  the 
Guernsey,  and  the  Ayrshire.  The  color  of  the  pure  bred  animals  in  each 
of  these  breeds  is  always  the  same  within  rather  narrow  limits.  A  pure 
bred  Jersey  would  never  be  mistaken  for  a  Holstein  or  an  Ayrshire,  and 
very  rarely  indeed  would  she  be  mistaken  for  a  Guernsey  by  anyone  with 
any  real  knowledge  of  the  breeds. 

This  color  characteristic  is  the  one,  perhaps,  which  is  most  surely 
transmitted  from  father  and  mother  to  offspring  among  pure  bred  animals. 
Among  grade  animals,  the  color,  in  most  cases,  will  be  that  of  the  breed 
of  which  the  grade  animal  carries  the  most  blood. 

We  may  first  discuss  the  color  of  each  of  the  separate  dairy  breeds, 
and  then  of  the  leading  beef  breeds.  One  way  to  become  familiar  with 
the  different  breeds  of  cattle  is  to  see,  as  often  as  possible,  copies  of  farm 
papers  which  give  considerable  attention  to  live-stock  production. 

The  dairy  breeds 
The  Jersey. —  The  color  of  the  Jersey,  in  general,  is  solid  fawn,  vary- 
ing through  all  the  shades  from  light  to  dark,  and  becoming  almost  black 
in  some  cases.  White  is  allowable  and  occurs  in  patches  with  sharply 
defined  outlines  in  the  general  fawn  color  of  the  body.  Jersey  cows  show- 
ing white  are  comparatively  few  in  number.  The  photograph  of  the 
Jersey  shown  is  that  of  a  very  light  fawn-colored  cow.    Jerseys  usually 
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have  a  black  nose,  a  black  tongiie,  and  a  black  switch,  but  these  points 
are  not  required  for  eligibility  to  registration.  The  hair  along  the  back 
and  under  the  abdomen,  and  that  immediately  surrounding,  the  muzzle 

and  the  eyes,  is  usually  lighter 
than  on  other  parts  of  the 
body.  The  skin  should  be  a 
rich  yellow. 

The  G  uerns e y. —  The 
Guernsey  cow  is  generally 
larger  than  the  Jersey  and 
perhaps  a  little  coarser.  The 
color  is  yellowish,  brownish, 
or  reddish  fawn.  This  is 
wholly  unlike  the  fawn  of  the 
Jersey,  and  is  not  likely  to  be 
mistaken  after  a  few  individ- 
uals of  each  of  the  breeds 
have  been  seen.     The  reddish 


Fig.  1 8. — A  Jersey  cow 


>  v«  s 


fawn  prevails.  White  markings  are  more  common  with  Guernseys  than 
with  Jerseys.  White  occurs  most  often  on  the  limbs  and  the  underpart 
of  the  body.  The  muzzle  of  the  Guernsey  is  buff  or  flesh  colored,  and 
is  surrounded  by  a  circle  of  light  hair.  The  eyes  are  surrounded  by  the 
same  kind  of  marking. 

The  Guernsey  is  noted  for  the  rich,  yellow  color  of  the  skin  and  of 
the  secretions  coming  from 
the  skin.  There  is  supposed 
to  be  a  relationship  between 
this  rich  skin-color  and  the 
bright,  rich  yellow  of  Guern- 
sey butter  and  cream. 

The  Holstein-Friesian. — 
The  color  of  this  breed  is 
black  and  white.  There  is  no 
variation  in  shade,  the  only 
variation  among  individuals 
being  in  the  amount  of  each 
color.  At  various  times  in 
the  history  of  the  breed,  more 
white  has  been  popular  than 

at  other  times.  For  example,  at  present  a  Holstein  bull  calf  havinpr  more 
than  50  per  cent  white  will  bring  a  larger  price  than  an  equally  good 
Minimal  having  less  white. 
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Fig.  19. — A  Guernsey  cow 
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Fig.  20. — A  Holstein  cow 


The  Ayrshire, —  The  Ayrshire  cow  is  red  and  white,  although  occasion- 
ally a  brown  and  white  animal  may  appear.      In  such  cases,  the  brown 
always  has  a  reddish  tinge.    As  with  Holsteins,  a  large  proportion  of  white 
is     popular.     The    color 
markings  in  the  Ayrshire 
are  not  so  regular  as  the 
black    and    white   of   the 
Holstein.     Often  a  white 
Ayrshire     cow     will     be 
flecked   with   red   instead 
of  being  marked  in  large 
patches  or  in  any  regular 
way. 

The  best  way  to  learn 
the  different  characteris- 
tics in  color  is  to  see  ani- 
mals of  each  breed.  It 
is  suggested  to  teachers 
that  the  children  be  encouraged  to  tell  what  kinds  of  cows  they  have  at 
home  and  to  describe  the  colors.  Visits  to  good  dairy  herds  in  the 
vicinity  of  the  school  will  increase  the  interest  in  the  subject  and  give  the 
children  first-hand  study  of  animal  life. 

The  beef  breeds 
There  are  comparatively  few  of  the  four  great  beef  breeds,  Shorthorn, 
Hereford,  Galloway,  and   Aberdeen-Angus,  in  New  York  State,  as  this 

is  primarily  a  dairy  state.  At 
one  time  Shorthorn  cattle  were 
in  demand  in  New  York,  how- 
ever, and  in  1873  the  highest 
price  ever  paid  for  a  cow, 
$40,000,  was  paid  for  8th 
Duchess  of  Geneva,  a  Short- 
horn. Beef  cattle  have  given 
way  to  dairy  cattle,  and  we  do 
not  find  large  herds  of  beef 
animals  except  in  one  or  two 
places.  The  influence  of  the 
Vio,2i.-An  Ayrshire  caw  Shorthorn  blood  has  been  left 

in  our  grade  and  scrub  herds,  however,  and  we  find  many  animals  re- 
sembling Shorthorns.  The  grades  of  the  other  beef  breeds  are  not  nearly 
so  numerous.  ^  1 
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The  Shorthorn. —  The  color.'  found  among  Shorthorn  cattle  are  red 
and  white  in  great  diversity  of  proportions.  We  have  wholly  red  animals 
and  wholly  white  animals.    Then  there  is  found  in  large  numbers  the 

roan,  a  mixture  of  the 
red  and  white  with  the 
colors  grading  impercep- 
tibly into  each  other 
through  a  mixture  of  the 
red  and  white  hairs.  In 
some  cases,  the  colors 
are  distinct  and  the  out- 
lines of  the  patches  of 
red  are  clearly  defined. 
The  picture  shown  on 
page  51,   Fig.    26,  in  the 

lesson     on     "  The     Beef 
Fig.  22.^A  Hereford  caw  j^p^      ^j      ^^^      j^^j^^ 

Type,"  is  that  of  a  roan  Shorthorn  cow  with  some  parts  of  the  body 
graded  into  clear  white  and  other  parts  a  clear  red. 

The  Hereford, —  The  characteristic  color  marking  of  the  Hereford  cow 
is  her  white  face,  white  line  on  the  back,  white  underline,  white  markings 
on  the  legs,  and  white  switch.  There  is  no  definite  extent  prescribed  for 
these  colors,  but  the  face  is  always  clear  white  and  the  outlines  of  the 
other  white  markings  are  distinct.  The  body  is  a  solid  dark  red.  The 
Hereford  heifer  shown  in 
Fig.  22  well  represents  this 
breed. 

The  A  berdecfi'A  ngus. — 
The  Aberdeen-Angus  cow  is 
solid  black,  and  is  distin- 
guished from  the  Galloway 
by  having  shorter  and 
straighter  hair.  The  Angus 
cow  is  polled ;  that  is,  from 
birth  she  has  no  horns. 

The  Galloway. —  The  Gal- 
loway cow  is  also  solid  black, 
with  the  best  coat  of  hair  of 
any  of  the  breeds  of  cattle. 
The  hair  is  rather  long  and 
wavy.  The  hide  of  the  Galloway  is  especially  prized  for  robes  and  fur 
coats.    This  is  a  polled  breed  also. 

The  cows  of  the  different  breeds  cannot  always  be  distinguished  by 


Fig.  23. — An  Angus  cow 
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color  alone.  Other  characteristics,  which  have  not  been  mentioned,  may 
need  to  be  considered;  but  the  color  will  enable  us  to  determine  the 
breed  in  the  great  majority  of  cases. 


Fig.  24. — A  Galloway  cow 


II.    THE    BEEF   TYPE    AND   THE   DAIRY    TYPE 

H.  H.  Wing 

Cattle  are  kept  for  two  main  purposes:  for  the  production  of  milk 
and  for  the  production  of  beef.  These  two  purposes  make  quite  differ- 
ent demands  on  the  vital  energies  of  the  animal.  For  this  reason,  by 
selection  through  many  generations  of  those  animals,  on  the  one  hand, 
that  are  best  developed  for  meat  production,  and  of  those,  on  the  other 
hand,  that  give  the  largest  amount  of  milk,  there  have  arisen  two  types 
more  or  less  distinct  in  form  and  certain  other  characters,  one  known 
as  the  "  beef  form ''  or  type,  and  the  other  known  as  the  *'  milk  form  " 
or  type. 

It  must  not  be  supposed  that  these  two  types  are  entirely  distinct 
or  separate,  for  the  cows  of  the  beef  type  always  give  some  milk,  and 
animals  of  the  dairy  type  will  furnish  beef  of  reasonably  good  quality 
when  properly  fattened.  Then,  too,  while  the  types  may  be  readily 
recognized  in  the  best  developed  individuals  of  either,  there  are  a  great 
many  animals  of  intermediate  form  that  it  would  be  difficult  to  assign 
to  either  type,  since  the  two  types  tend  to  merge  into  each  other  by  very 
gradual  gradations. 

The  chief  differences  in  form  that  distinguish  the  beef  and  dairy 
types  are: 

I.  In  outline  of  body,  especially  as  viewed  from  the  side. 
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2.  In  depth  and  smoothness  of  flesh. 

3.  In  size  of  udder  and  external  blood  vessels  connected  therewith. 

In  the  beef  form,  the  outline  of  the  body  approaches  the  rectangular. 
The  general  contour  of  the  top  and  bottom  lines  is  straight  and  parallel, 
and  the  general  dimensions  of  the  body  approximate  those  of  a  brick ; 
that  is,  length  twice  the  depth,  and  depth  twice  the  thickness. 

In  the  dairy  type  the  general  outline  of  the  body  is  "  wedge-shaped 
from  before  backward ;"  that  is,  the  general  contour  of  the  top  and  bot- 
tom lines  diverges  from  the  front  toward  the  rear.    This  is  brought  about 


by  a  relatively  large  development  of  the  hind  quarters  and  sometimes 
by  relatively  low  and  thin  shoulders.  The  height  of  the  animal  at  the 
hips  is  one-half  to  one  and  one-half  inches  greater  than  at  the  shoulders. 
The  wedge-shaped  appearance  is  increased  by  a- large  and  pendulous 
abdomen  and  by  a  large  and  well-developed  udder. 

In  the  best  beef  animal,  even  when  not  fully  fattened,  the  whole  body 
is  thickly  and  smoothly  covered  with  flesh  (muscle)  so  that  the  angles 
of  the  bones  are  nowhere  prominent.  This  is  seen  particularly  over  the 
upper  part  of  the  ribs  immediately  back  of  the  shoulder,  on  the  loins, 
in  the  thighs,  and  on  the  shoulder.  The  neck  is  short  and  blends 
smoothly  into  the  shoulder  and  the  whole  body  has  a  rounded  appearance. 
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In  the  dairy  animal,  the  lack  of  muscular  development  gives  rise  to  a 
spare,  angular  appearance.  The  angles  and  joints  of  the  bones  are 
prominent,  particularly  in  the  pelvis  and  the  spinous  processes.  This 
does  not  mean  that  the  animal  is  poor  or  emaciated,  for  there  may  be 
abundant  fat,  as  indicated  by  a  soft,  pliable  skin,  and  by  rolls  of  fat  in 
the  fold  of  the  skin  in  the  ilanks,  and  still  the  animal  may  present  this 
spare  appearance. 

In  the  dairy  type,  the  udder  is,  of  course,  much  larger  and  fuller  than 
in   the  beef   type,   and  the   so-called   "  milk   veins "   stand   out  promi- 


FiG.  26.—  The  beef  type 

nently  on  the  abdomen,  extending  well  forward  to  the  chest.  In  the 
beef  type,  not  only  is  the  udder  small  and  comparatively  insignificant, 
but  the  exterior  veins  leading  from  it  are  small  and  more  or  less  em- 
bedded in  the  surrounding  muscular  and  fatty  tissue. 


III.      A  STUDY  OF  cows 

E.  S.  Savage 

Young  folks  in  the  State  of  New  York  should  become  more  familiar 
with  the  animals  of  the  farm.  They  should  be  taught  to  love  farm  ani- 
mals ;  for  cows  can  be  loved  and  petted  as  well  as  dogs  and  horses,  and  a 
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child's  friendliness  will  be  as  fully  appreciated  by  cows  as  by  other  ani- 
mals. 

Children  in  the  schools  can  be  taught  to  study  animals  at  home  and 
to  report  their  observations  at  school.  The  teacher  of  a  rural  school 
should  visit  the  homes  of  the  children  as  much  as  possible  and  observe 
the  animal  life  with  the  children.  In  this  way  parents  will  become  more 
interested  in  the  school  work.  In  the  hope  of  giving  some  suggestions  to 
teachers,  the  writer  has  prepared  the  following  topics  and  questions  con- 
cerning the  cow : 

1.  The  origin  of  cows. 

a.  What  two  rather  distinct  types  of  cows  are  there  ? 

b.  In  what  countries  are  they  found? 

c.  From  what  countries  have  the  cows  in  the  United  States  come? 

2.  The  parts  of  the  cow's  body, 

a.  Where  is  the  milk  produced  ? 

b.  What  do  the  milk  veins  carry  ? 

c.  Where  are  the  withers  ? 

d.  What  is  the  "  wedge  shape  "  in  the  dairy  cow? 

e.  How  does  a  cow  kick  as  compared  with  a  horse? 

3.  The  teeth, 

a.  How  many  teeth  has  a  cow?     How  many  molars?     How  many 

incisors?     On  which  jaw  do  the  incisors  grow? 

b.  How  does  a  cow  bite  ? 

c.  What  other  farm  animal  bites  like  the  cow  ? 

4.  Telling  the  age  by  the  teeth, 

a.  How  many  incisors  has  the  calf  when  he  is  born?     When  does 

the  calf  get  all  his  "  milk  "  incisors? 

b.  When  does  the  middle  pair  of  permanent  incisors  apf)ear?    The 

next. pair?     The  next  pair?    The  outside  pair? 

5.  The  digestion, 

a.  How  many  compartments  has  the  stomach  of  a  cow? 

b.  What  other  farm  animal  has  the  same  number  of  compartments 

in  its  stomach  ? 

c.  How  many  times  does  the  cow  chew  its  food? 

d.  Which  is  the  true  stomach? 

e.  For  what  purpose  are  the  first  three  stomachs? 

6.  Food  of  the  cow, 

a.  What  foods  are  adapted  to  the  needs  of  the  cow? 

b.  Why  does  a  cow  need  succulent  food  at  all  seasons  of  the  year? 
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Breeds  of  cows. 

a.  What  are  the  4  principal  dairy  breeds  in  America? 

b.  What  are  the  4  principal  beef  breeds  in  America? 

c.  In  order  of  richness  of  milk,  how  do  the  dairy  breeds  stand  ? 

d.  In  order  of  prominence  and  favor  in  the  United  States,  how  do 

the  beef  breeds  stand  ? 
c.  Which  is  New  York,  a  dairy  or  a  beef  producing  state  ? 


Fig.  27. — The  parts  of  a  cow:  a,  muzzle;  6,  eye;  c,  forehead;  d,  ear;  e,  horn;  /,  neck; 
g,  withers;  h,  shoulder;  »,  hip;j,  rump;  k,  thurl;  /,  thigh;  w,  leg;  n,  chest;  0,  abdomen; 
Pt  back;  qt  loin:  r  udder;  s,  teats;  t,  milk  vein;  u,  switch 


Answers  to  questions  on  cows 

I.  Prehistoric  animals  related  to  our  cattle  were  domesticated  by  the 
Swiss  Lake  Dwellers.  These  cattle  existed  in  rather  large  numbers  down 
to  historic  times  and  were  the  ancestors  of  our  domestic  breeds  of  the 
present  day.  The  two  kinds  of  domestic  cattle  which  exist  to-day  arc 
our  own  cattle  as  we  know  them  as  separate  breeds  in    Europe    and 
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America,  and  the  humped  zebus  of  the  Eastern  countries  of  the  g^lobe. 
The  humped  zebus  was  domesticated  in  Egypt  2000  years  before  the 
Christian  era. 

The  cattle  of  the  United  States  have  come  chiefly  from  England,  Scot- 
land, the  Channel  Islands  (the  Islands  of  Jersey  and  Guernsey  in  the 
English  Channel),  and  Holland.  The  beef  breeds  and  all  the  dairy 
breeds  except  the  Holstein-Friesian  originated  in  England,  Scotland,  and 
the  Channel  Islands.  The  Holstein-Friesian  cattle  came  from  Holland. 
The  man  who  may  be  called  the  father  of  all  modem  breeding  and  im- 
provement of  cattle  was  Robert  Bakewell  who  lived  in  England   from 

1725-1795. 

2.  The  parts  of  the  body  of  the  cow  are  shown  in  Fig.  2.7  with  its 
legend  and  require  no  further  explanation.  The  udder  and  the  milk 
veins  make  up  the  mammary  organs  of  the  cow.  The  milk  veins  do  not 
carry  milk.  They  drain  the  blood  from  the  udder.  .  The  fresh  blood  from 
which  the  milk  is  manufactured  is  supplied  to  the  udder  from  the  heart 
through  arteries  and  is  drained  away  through  milk  veins.  The  larger  the 
milk  veins,  the  larger  the  amount  of  blood  probably  flowing  through  the 
udder  and  the  larger  the  milk  production  of  the  cow. 

The  wedge  shape  and  the  "  dairy  "  type  are  explained  in  the  article 
in  this  Leaflet  on  ''  The  Dairy  Type  and  the  Beef  Type,"  by  H.  H.  Wing 
page  49- 

The  body  of  the  cow  is  so  made  up  that  she  can  reach  much  farther 
forward  when  she  kicks  than  can  the  horse.  This  enables  her  to  pro- 
tect her  udder  to  a  greater  extent.  A  horse  usually  kicks  straight  out 
with  both  feet  to  protect  himself. 

3.  A  cow  has  thirty-two  permanent  teeth :  twenty-four  molars,  twelve 
on  each  side,  six  above  and  six  below,  and  eight  incisors.  The  incisors 
are  all  on  the  lower  jaw.  The  place  of  the  incisors  on  the  upper  jaw  is 
taken  by  a  hard  pad  of  cartilage  against  which  the  lower  chisel-like  teeth 
strike  when  the  animal  crops  the  herbage  in  the  pasture.  The  arrange- 
ment of  the  teeth  of  the  sheep  is  the  same  as  that  of  the  cow.  Sheep  and 
cows  can  crop  the  grass  closer  to  the  ground  than  can  horses. 

4.  A  calf,  when  born,  has  two  pairs  of  incisors.  The  other  two  pairs 
appear  during  the  first  month.  When  a  calf  is  18  months  old  he  loses 
the  middle  pair  of  "  milk  "  incisors  and  grows  a  permanent  pair.  The 
next  pair,  one  on  each  side,  are  replaced  at  27  months  of  age,  the  third 
pair  at  36  months,  and  the  fourth  or  outside  pair  at  45  months.  The 
time  of  the  appearance  of  these  incisors  varies  within  rather  narrow 
limits  so  that  we  are  able  to  tell  the  age  of  young  cattle  quite  accurately. 
A  calf  also  has  a  temporary  set  of  molars  which  are  later  replaced  with 
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permanent  ones ;  but  they  are  not  considered  in  estimating  the  age  of  the 
animal. 

5.  The  stomach  of  the  cow  and  of  the  sheep  has  four  compartments. 
The  first  three  help  in  the  storage  and  mechanical  manipulation  of  the 
food.  The  fourth  is  the  true  stomach  of  these  animals,  in  which  that 
part  of  the  digestion  takes  place  which  we  ordinarily  think  as  taking  place 
in  a  stomach. 

A  cow  chews  her  food  twice.  The  first  compartment  of  her  stomach 
is  large  and  enables  her  to  eat  a  large  amount  of  food  without  stopping 
to  masticate  it  thoroughly.  This  food  is  stored  temporarily  in  the  first 
compartment  of  her  stomach.  Later,  at  leisure,  she  can  lie  in  the  shade 
and  re-chew  all  her  food.  After  the  second  chewing,  the  food  is  swal- 
lowed and  passes  along  to  the  true  stomach  and  on  into  the  intestines  in 
the  regular  course  of  digestion. 

6.  Coarse  foods  are  adapted  to  the  requirements 
of  the  cow.  A  cow  can  consume  large  quantities 
of  such  coarse  foods  as  hay,  cornstalks,  and  the 
like.  Under  modern  conditions,  when  cows  are 
yielding  large  quantities  of  milk  a  large  quantity 
of  grain  also  is  fed.  The  grain  is  made  up  of  the  told' by  pertnanenT in- 
ground  cereals  or  the  ground  by-products  from  the  ^^Z^'marked  ^attear 
manufacture  of  certain  human  foods.  at  18  months  of  age;  the 

Succulent  foods  are  peculiarly  adapted  to  the  ^'z^^o^hs^  thfpair 
needs  of  the  dairy  cow.  The  best  food  is,  of  marked  3  at  36  months; 
course,  the  natural  food  of  the  cow,  which  is  green  J*^^^;  ^*J^  ^^ 
pasture  grass.  At  all  times  of  the  year  when  pas- 
ture is  not  available,  some  succulent  food,  such  as  corn  silage  or  roots 
should  be  given.  The  cow  will  respond  in  every  way  to  special  care,  such 
as  providing  a  variety  in  her  ration  with  some  succulent  food  when 
possible. 

7.  The  breeds  of  cows  are  mentioned  in  some  detail  in  the  article  in 
this  number  of  the  Leaflet  on  the  colors  of  cows.  In  order  of  richness  of 
milk,  the  dairy  breeds  rank  as  follows :  Guernsey,  Jersey,  Ayrshire,  and 
Holstein.  The  milk  of  the  Guernsey  and  the  Jersey  tests  S^  to  6^  of 
butter- fat.  The  products  of  the  Guernsey  are  a.  golden  yellow.  The 
products  of  the  Jersey  a  somewhat  lighter  yellow,  or  cream  color.  The 
milk  of  the  Ayrshire  will  average  about  4^  butter-fat,  while  the  Holstein 
gives  milk  testing  on  the  average  about  3.$^  butter-fat. 

The  Shorthorn  probably  is  held  in  higher  favor  in  the  United  States 
than  the  other  beef  breeds,  with  the  Hereford  second;  the  Aberdeen- 
Angus  stands  third  and  the  Galloway  fourth. 

New  York  is  primarily  a  dairy  state.     Very  little  beef  is  raised  in  this 

Digitized  by  VjOOQIC 


900 


Rural  School  Leaflet 


State  except,  perhaps,  in  the  western  part.     Most  of  the  beef  consumed  i? 
imported  into  the  State  from  the  great  western  markets. 

To  introduce  the  study  of  the  cow  successfully,  the  teacher  should  use 
every  opportunity  to  become  acquainted  with  the  details  of  dairy  work. 
There  are  excellent  opportunities  to  use  the  dairy  problems  in  the  arith- 
metic and  bookkeeping  classes.  Children  who  become  interested  in  the 
business  side  of  dairy  farming  will  be  a  help  and  inspiration  to  their 
parents  and  will  interest  the  parents  in  the  school  in  a  spirit  of  cooperation 
with  the  boys  and  girls  and  the  teacher. 


IV.    WHY   milk  sours 

W.  A.  Stocking,  Jr. 

Purpose, —  To  call  the  pupil's  attention  to 
some  of  the  invisible  forces  constantly  working 
about  us,  and  to  explain  the  cause  of  one  of  the 
things  with  which  we  are  all  familiar  —  why 
milk  sours. 
"N^    fcj  ^ckterial. — A  little  milk,  a  few  glass  jars,  and 

^••Sr       a  thermometer. 

Everyone  knows  that  if  milk  .is  allowed  to 
stand  in  a  warm  room  for  any  length  of  time,  it  becomes  sour  and 
finally  curdles.  Not  everyone,  however,  knows  why  these  changes  take 
place  in  the  milk. 

Milk  becomes  sour  and  curdles  because  it  contains  bacteria  which 
change  the  milk  sugar  into  lactic  acid.  At  first,  milk  usually  contain? 
only  a  small  number  of  these  acid-producing 
bacteria,  but  they  multiply  very  rapidly,  and 
when  they  have  produced  enough  acid,  the 
milk  begins  to  taste  sour.  As  the  bacteria 
grow  and  the  amount  of  acid  produced  in- 
creases, the  milk  becomes  more  and  more  sour 
until  it  finally  curdles. 

These  organisms  which  cause  the  milk  to  ^j 
become  sour  belong  to  a  group  of  minute  ^Hk 
plants.  They  are  the  smallest  plants  that  we  know  anything  about;  so 
small,  in  fact,  that  it  takes  many  thousands  of  them  placed  side  by  siJe 
to  make  a  row  an  inch  long.  They  are  so  small  that  we  cannot  see  them 
with  the  unaided  eye,  and  if  we  want  to  see  the  individual  bacteria 
plants  we  must  look  at  them  through  a  high  power  microscope.  It  '^ 
because  of  their  extreme  smallness  that  we  cannot  see  them  in  the  mil'*^- 
We  know  when  they  are  present  by  the  changes  which  they  produce  in 
the  appearance  of  tlie  milk  and  in  its  taste.  ^.g.^.^^^  by  GoOglc 


Pig.  29. —  The  form  of  same 
the  bacteria  common  in 
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In  Fig.  29,  three  forms  of  bacteria  are  given:  i  causes  milk  to  sour 
and  is  the  organism  used  for  ripening  cream ;  2  produces  gas  and  is  the 
cause  of  gassy  cheese;  3  causes  the  milk  to  putrify. 

Besides  being  the  smallest  in  size,  bacteria  are  also  the  simplest  in 
form  of  any  of  the  plants.  A  mature,  full-grown  bacteria  plant  consists 
simply  of  a  little  cell  or  sac  filled  with  protoplasm.  Some  of  these 
plants  are  round  like  a  ball,  while  others  are  cylindrical  in  form,  as 
shown  in  the  illustration.  But  no  matter  which  shape  the  organisms  are, 
the  structure  is  always  very  simple. 

Not  all  bacteria  are  capable  of  producing  acid  as  a  result  of  their 
growth,  and  in  a  later  lesson  we  shall  discuss  some  of  the  other  things 


Fig.  30. — Methods  of  keeping  samples  at  different  temperatures 

which  bacteria  do.  In  this  lesson  we  shall  consider  only  the  organisms 
which  can  produce  acid  in  milk. 

The  growth  of  the  acid-forming  bacteria  in  milk  can  be  observed  in 
the  following  way:  Secure  a  quantity  of  milk,  mix  it  thoroughly,  and 
pour  equal  quantities  into  each  of  four  pint  bottles  or  glass  fruit  jars. 
These  jars  should  be  thoroughly  washed  and  scalded  before  the  milk  is 
poured  into  them.  Cover  the  jars  or  bottles  with  paper  to  prevent  the 
entrance  of  dust.  Then  place  one  bottle  in  a  dish  of  ice-water,  one  in 
water  at  55°  or  60°,  one  at  70°  to  75**,  and  the  other  at  90*"  to  100° 
Fahrenheit.  It  will  be  well  to  shake  the  bottles  frequently  when  first  put 
into  the  water,  until  the  milk  becomes  the  same  temperature  as  the  water. 
Now  keep  the  water  in  the  dishes  at  the  above  temperatures,  and  notice 
when  the  milk  in  each  jar  first  tastes  sour,  and  also  when  it  curdles. 

Like  the  higher  plants,  bacteria  grow  best  at  warm  temperatures,  and 
much  more  slowly  if  kept  cold.  For  this  reason  the  bacteria  in  the  warm 
milk  will  grow  faster  and  change  the  milk  sugar  into  acid  more  rapidly, 
causing  the  milk  to  sour  and  curdle  before  it  does  in  the  jars  which  have 
been  kept  at^  the  cooler  temperatures. 
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Note —  It  will  be  well  to  start  this  experiment  as  early  in  the  morning 
as  convenient,  and  maintain  the  different  temperatures  during  the  day, 
making  an  occasional  observation  to  determine  when  the  milk  begins 
to  sour. 

It  will  be  well  to  start  with  milk  which  is  a  few  hours  old,  so  that 
which  was  kept  at  the  warmest  temperatures  will  curdle  before  night. 
Probably  the  bottle  kept  in  ice- water,  and  possibly  the  one  at  50®,  wll 
not  curdle  before  the  next  day. 

It  can  be  explained  to  the  pupils  that  the  souring  and  curdling  of  the 
milk  is  the  direct  result  of  the  growth  of  the  bacteria,  which  are  too 
small  to  be  seen. 

V.   A  LESSON  IN  MILKING 

W.  A.  Stocking,  Jr. 

Purpose. —  The  object  of  this  exercise  is  to  teach  the  importance  of 
keeping  dirt  out  of  milk  which  is  to  be  used  as  food. 

Materials, —  T  w  0 
cows,  two  ordinar} 
milk  pails,  a  pail  of 
clean  water,  a  clean 
towel,  a  piece  of  soft 
cloth,  and  two  clean 
bottles  or  tumblers. 

Milk  one  of  t^e 
two  cows  into  one  oi 
the  milk  pails  in  the 
ordinary  way  without 
any  previous  brush- 
ing or  cleaning.  Mix 
the  milk  thoroughly, 
and  take  a  sample  in 
one  of  the  bottles  or 
tumblers. 

With  the  clean 
cloth  wrung  out  of 
the     pail     of     clean 

PiG.  31.— irtn(fj  of  bacteria  likely  to  he  found  in  milk:  i  and  water,  thoroughly 

2,  typhoid  bacillus  (Pfeiffer);  3,  pus  and  pus  cocci;  4,  B.  dampen  and  wipe  the 

dysenteriae  (Shigar);  5,   Proteus  vulgaris;  6,   Clostridium  ri      .  -,     nHrlAr  r^i 

butyricus;   7,  9.   10,   11,  types  of  common  lactic   bacteria  "^^     ^"^     uader  Ot 

(Conn.);  S,  a  coccus  without  influence  on  milk  (Conn.);  12,  the   second    COW.     Be 
13,  14,  three  bacilli  producing  slimy  milk  (Fig,  12,  Ularshall;  ..,     ..    . 

Figs.  13  and  14,  Conn.);  15.  16,  17,  18.  19.  types  of  liquefy-  ^"^^  ^^^\  ^"  ^"^  P^"*^ 

ing  and  putrefying  bacteria,  which  digest  the  casein  (Conn.)  are     moistened,     and 
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especially  the  parts  with  which  the  hands  will  come  in  contact  while  milk- 
ing. Rinse  your  own  hands  in  the  clean  water,  and  dry  them  on  the 
towel.  Milk  the  cow  into  the  clean  milk  pail,  and  take  a  sample  in  the 
other  bottle,  as  before.  Cover  these  bottles  by  tying  a  piece  of  clean 
paper  over  each  of  them,  and  set  them  away  together.  Watch  the  two 
samples  carefully  and  determine  which  one  curdles  first,  and  how  much 
difference  there  is  in  the  time  of  curdling.  Repeat  this  exercise  several 
times  until  you  find  which  sample  normally  curdles  first. 


VI.    CLEAN  milk 

W.  A.  Stocking,  Jr. 

Purpose. —  The  purpose  of  this  exercise  is  to  show  further  the  im- 
portance of  cleanliness  in  the  handling  of  milk,  and  the  value  of  a  small- 
topped  milking-pail  in  increasing  its  keeping  quality. 


Fig.  32. — Four  good  styles  of  small-topped  milk  pails  showing  the  size  of  the  opening 

Materials. —  Two  or  more  cows,  one  ordinary  large-top  milk  pail,  one 
small-top  milk  pail,  and  two  glass  bottles  or  jars.  The  smaller  the 
opening  in  the  milk  pail  the  better,  so  long  as  it  can  be  used  conveniently 
for  milking.  Any  of  the  styles  of  pails  shown  in  the  illustration  wJU 
give  satisfactory  results  and  are  easy  to  use.  If  desired,  any  tinner  can 
make  a  cover  to  go  on  an  ordinary  milk  pail,  leaving  an  opening  about 
six  inches  in  diameter  at  one  side  through  which  to  milk.  Both  the 
pails  and  the  sample  jars  should  be  thoroughly  sterilized  either  with 
boiling  water  or  with  steam  before  they  are  used. 

Milk  one  or  more  cows  into  the  open  milk  pail,  and  after  thoroughly 
mixing  the  milk  put  a  small  quantity  into  one  of  the  sample  jars,  cover- 
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ing  the  top  so  that  dust  cannot  get  in.  Next,  milk  the  same  number 
of  cows  into  the  small-top  pail,  and  put  a  sample  into  the  second  jar 
in  the  same  way  as  the  first. 

Pint  fruit  cans  or  common  drinking-glasses  can  be  used  for  sample 
jars.  If  fruit  cans  are  used,  place  the  glass  tops  on  v\^ithout  the  rubl»er 
rings,  to  allow  the  passage  of  air.  If  drinking-glasses  are  used,  cover 
their  tops  with  paper. 

Now  place  the  two  jars  of  milk  together  where  the  temperature  will 
be  the  same  for  both  jars,  and  watch  them  carefully  for  indications  of 
curdling.  Record  the  time  when  each  sample  curdles,  and  determine 
the  effect  of  the  small-top  pail  on  the  keeping  quality  of  the  milk.  It 
will  be  well  to  repeat  this  experiment  several  times  in  order  to  get  satis- 
factory data. 

VII.   THE  CONSTITUENTS  OF  MILK 

Raymond  A.  Pearson 

Purpose. —  To  acquaint  the  pupil  with  some  of  the  contents  of 
milk;  to  give  fundamental  preparation  for  a  series  of  lessons  on  milk: 
to  lead  the  pupils  to  realize  the  importance  of  this  subject  for  study. 
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Cream  Milk  Sldmmed  milk 

Fig.  33. —  Showing  appearance  of  milk  through  high  power  microscope 


Materials. —  Thermometer,  bottle,  saucer,  pan,  a  few  drops  of  vinegar, 
and  one  quart  of  fresh  milk. 

Milk  consists  of  about  sever-eighths  water  and  one-eighth  substances 
which  are  in  solution  in  the  water  or  floating  in  it  in  very  small  particles. 
This  may  seem  to  be  a  large  proportion  of  water  and  a  small  proportion 
of  valuable  constituents,  but  many  fruits  and  vegetables  have  even  more 
water,  and  some  of  our  favored  meats  have  enough  water  and  bones  and 
other  matter  useless  for  food  to  equal  the  amount  of  water  in  milk. 
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The  constituents  of  milk  are  often  referred  to  as  water  and  total 
solids.  The  latter  includes  all  the  substances  except  water,  and  they  col- 
lect in  solid  dry  form  when  the  water  is  evaporated,  as  may  be  observed 
by  leaving  a  little  milk  in  a  saucer  for  a  short  time  in  a  warm  place. 
There  are  five  different  substances  in  the  total  solids:  fat,  casein,  albu- 
men, sugar,  and  ash.  It  is  an  interesting  exercise  to  separate  them. 
The  chemist  can  do  this  with  great  accuracy,  but  any  person  can  do  it 
roughly  with  such  aids  as  are  found  in  the  kitchen.  A  qualitative  analy- 
sis of  milk  may  be  made  as  follows: 

For  the  fat. —  Let  one  quart  of  fresh  milk  stand  quietly  in  a  pan  in  a 
cool  place  until  a  rich,  clearly-marked  layer  of  cream  gathers  at  the  top. 


Fig.  34. —  The  constituents  of  a  quart  of  milk 

Pat  Casein  Albumen  Sui 

4%  2.6%  .7%  5^ 

29.93  oz.  1.38  oz.  .89  oz.  .24  oz  1.72  oz.  .24  oz. 


Water  Pat  Casein  Albumen  Sugar  Ash 

87%  4%  2.6%  .7%  5%  .7% 


This  cream  is  formed  by  the  rising  of  countless  balls  or  globules  of  pure 
milk  fat,  often  called  butter-fat,  which  are  distributed  evenly  through 
perfectly  fresh  milk  or  milk  that  is  frequently  stirred.  The  fat  is  so 
much  lighter  than  the  fluid  in  which  it  floats  that  most  of  it  will  be  found 
in  the  cream  layer  in  twelve  hours,  provided  the  milk  was  fresh  when 
"  set "  and  it  has  stood  undisturbed  in  a  cool  place. 

The  cream  should  be  removed  by  skimming  or  dipping,  warmed  to 
about  60°  F.,  and  shaken  in  a  bottle  which  is  only  partly  filled.  Soon  the 
fat  globules  will  unite  and  form  light  yellow  granules  large  enough  to-be 
seen.  The  shaking  or  churning  should  be  continued  until  as  much  fat 
is  collected  as  possible.     After  it  is  washed  a  few  times  in  clean,  cold 
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water  it  is  seen  in  an  almost  pure  state.    This  fat  is  the  principal  con- 
stituent of  butter  and  also  one  of  the  principal  constituents  of  cheese. 

For  the  casein. — A  few  drops  of  acid  (or  vinegar)  should  be  added  to 
the  skimmed  milk  which  was  left  after  the  cream  was  taken  off.  Soon  it 
will  coagulate  or  thicken.  It  should  then  be  gently  warmed  to  about 
ioo°  F.  and  carefully  broken  by  a  knife  or  spoon  into  a  few  pieces.  The 
skimmed  milk  will  slowly  separate  into  curds  and  whey.  When  the  whev 
amounts  to  more  than  half  of  the  quantity  of  milk  used,  it  should 
be  removed  by  pouring  through  a  cloth  strainer.  The  casein  remains 
in  the  cloth.     It  is  one  of  the  principal  constituents  of  cheese. 

For  the  albumen. —  Slowly  heat  the  whey  to  160*"  F.  It  will  become 
somewhat  cloudy  and  soon  a  soft  jelly-like  substance  will  collect  on  the 
surface.  This  is  albumen  which  has  been  coagulated  by  the  heat.  It  i> 
similar  to  the  albumen  or  white  of  an  tgg.  It  should  be  separated  by 
straining.  This  constituent  is  not  used  in  the  manufacture  of  butter  or 
the  ordinary  varieties  of  cheese. 

For  the  sugar. —  A  small  quantity  of  whey  which  has  been  freed  frorr. 
its  albumen  is  placed  in  a  clean  porcelain  dish  with  a  large  bottom  (as  a 
saucer).  This  is  warmed,  care  being  taken  not  to  burn  it.  It  may  U 
warmed  in  an  oven  with  the  door  partly  open.  When  the  water  has 
evaporated,  a  dry  substance  remains.  This  is  about  seven-eighth- 
milk-sugar  and  one-eighth  ash.  It  is  not  practicable  to  separate  the 
sugar  in  pure  form  from  the  ash.  Sugar  is  not  present  in  large  quantity 
in  either  butter  or  cheese. 

For  the  ash. — A  part  of  the  mixture  of  sugar  and  ash  is  placed  in  a 
dish  which  will  withstand  high  heat,  or  on  the  stove  cover,  and  allowed 
to  burn  as  long  as  it  will.  The  small  amount  of  incombustible  matter  left 
is  milk-ash.     It  is  not  an  important  constituent  of  either  butter  or  cheese. 

The  amounts  of  the  different  constituents  in  different  milks  vary  some- 
what, but  the  illustration  (Fig.  34)  shows  the  percentage  composition  of 
average  milk  and  about  the  quantity  of  each  constituent  in  one  quart, 
which  weighs  2.15  pounds. 


"  It  is  said  that  farmers  and  mechanics  do  not  and  zvtll  not  read,  but,  I 
say,  give  them  the  literature  and  the  education  suited  to  their  wants.  fl«^ 
see  if  it  does  not  reform  and  improve  them  as  it  has  reformed  and  1^"- 
proved  their  professional  brethren.  The  agricultural  classes  have  no  con- 
genial  literature*'    Jonathan  B.  Turner 
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FjG.  15.— 
Test  bottle 


VIII.   THE  BABCOCK  TEST  FOR  BUTTER-FAT  IN  MILK 

R.  A.  Pearson 

Purpose, —  To  become  familiar  with  a  quick  and  accurate  method  of 
showing  the  richness  of  milk,  which  means  its  percentage  of  fat. 

Materials. — ^A  hand-power  centrifugal  tester,  at  least  two 
milk  test-bottles  (Fig.  35),  one  pipette  to  measure  the  milk 
(Fig.  36),  one  acid  measure  (Fig.  37),  one  dairy  thermom- 
eter, about  one  pint  of  sulfuric  acid  with  specific  gravity 
between  1.82  and  1.83,  a  few  ounces  of  milk, 
and  some  hot  water.  All  the  necessary  appa- 
ratus and  acid  can  be  purchased  for  about  five 
dollars  from  any  dairy  supply  company.  They 
can  be  ordered  through  a  hardware  dealer. 
Sulfuric  acid  is  sold  also  at  drug  stores. 

Sampling  the  milk. —  The  milk  to  be  tested 
should  be  thoroughly  mixed  just  before  the 
sample  is  taken,  to  make  sure  that  the  fat 
or  cream  is  evenly  distributed.  This  can  best  be  done  by 
gently  pouring  it  back  and  torth  between  two  vessels  several 
times.-   The  milk  should  be  between  60®  and  70°  Fahr. 

Place  the  small  end  of  the  pipette  at  the  center  of  the  milk 
and  suck  the  milk  up  above  the  17.6  cc.  mark.  Quickly  put 
the  index  finger  over  the  upper  end  of  the  pipette  and  by 
releasing  the  pressure  allow  the  milk  to  run  out  until  its 
upper  surface  is  even  with  17.6  cc.  mark  when  the  pipette  is 
held  straight  up  and  down. 

Place  the  point  of  the  pipette  a  short  distance  into  the 

neck  of  the  test-bottle,  holding  it  against  the  glass  with  both 

pipette  and  bottle  at  an  angle  (Fig.  38).       Remove  the  finger 

to  allow  the  milk  to  flow  into  the  bottle.     Be  sure  to  get 

every  drop  of  the  milk,  taking  care  to  drain  the 

pipette  and  to  blow  the  last  drop  into  the  bottle. 

A  little  practice  should  make  anyone  proficient 

with  the  pipette. 

It  is  best  always  to  make  this  test  in  dupli- 
cate; hence  two  bottles  are  needed  for  each  lot  of  milk. 

Using  the  acid. —  The  acid  is  very  strong  and  must  be 
handled  with  great  care.  If  any  gets  on  the  hands,  face  or 
clothing,  it  should  be  washed  off  quickly  and  water  should 
always  be  ready  for  this  purpose.  Do  not  leave  the  acid 
where  young  children  can  get  it. 
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Fig.  38. — Puttingjhe  milk  into 
the  test  bottle.  The  pipette  is 
held  at  an  angle  with  the  test 
bottle  and  its  point  against 
the  inside  of  the  neck 


After  all  the  samples  of  milk  to  be 
tested  have  been  measured,  the  acid  shor.li! 
be  added.  Fill  the  acid  measure  to  ihe 
17.5  cc.  mark  with  acid  that  is  between  60" 
and  70*"  Fahr.  Pour  this  into  the  bottle 
with  the  milk,  holding  the  bottle  in  a  slant- 
ing position.  The  acid  will  then  carr)'  do^\T 
any  milk  left  in  the  neck  and  follow  the 
glass  surface  to  the  bottom  of  the  bottle  and 
form  a  layer  under  the  milk. 

Hold   the   bottle   by   the    neck   and  give 
it   a    circular   motion    for    a    few    minutes, 
mixing  the  milk  and  acid  until  no  milk  or  clear  acid  is  visible  (Fig.  30 
By  this  time  the  contents  will  be  dark  colored  and  hot     This  change  is 
due  to  the  acid  dissolving  all  the  solid  con- 
stituents of  the  milk  except  the  fat,  which 
it  does  not  affect. 

Whirling  the  bottles. —  The  bottles  are 
whirled  to  separate  the  fat  so  that  it  can 
be  measured.  They  should  be  hot  when 
whirled.  If  necessary  they  may  be  heated 
by  standing  in  hot  water  before  being  put 
into  the  machine.  A  steam  machine  is 
easily  kept  hot  when  in  use.  Other  kinds 
should  have  boiling  hot  water  placed  in  them. 

Place  the  bottles  in  the  machine  so  that  each  one  will  have  another 
directly  opposite,  to  keep  the  machine  in  balance.  Whirl  the  bottles  five 
minutes  at  the  proper  speed  for  the  machine  in  use  (Fig.  40).  Then 
stop  it  and,  with  the  pipette  or  other  convenient  means,  add  hot  water  to 
each  bottle  until  the  contents  come  up  to  the  bottom 
of  the  neck.  Whirl  two  minutes.  Add  hot  water 
enough  to  bring  the  top  of  the  fat  nearly  to  the  top 
of  the  graduations  on  the  neck  of  the  bottles. 
Whirl  one  minute.  The  fat  should  then  form  a 
clear  column  in  the  neck  of  the  bottle. 

Reading  the  percentage, —  Keep  the  fat  warm  so 
that  it  will  be  in  a  fluid  condition.  Hold  the  bottle 
by  the  upper  end  of  the  neck,  letting  it  hang  in  a 
perpendicular  position,  on  a  level  with  the  eye. 
Read  the  mark  or  graduations  at  the  extreme  top 
and  bottom  of  the  fat  column.  The  difference 
between  these  is  the  percentage  of  fat  in  the  milk- 


Fig.  39. — Mixing  milk  a^^ 
acid.  A  rotary  motion  vii^ 
the  bottle  not  pointed  tatsad 
the  face 


Fig.    40. —  Whirling 
the  samples 
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Most  test-bottles  are  made  to  read  as  high  as  10  per  cent.  Each  per- 
centage has  its  number  marked  on  the  glass  and  there  are  five  small 
spaces  each  representing  .2  per  cent  between  these  principal  marks. 
Thus,  if  the  top  of  the  fat  column  is  even  with  the  third  short  mark 
above  the  7  mark,  the  top  reading  would  be  7.6;  and  if  the  bottom  is 
halfway  between  the  first  and  second  short  marks  above  the  3  mark,  the 
bottom  reading  would  be  3.3 ;  the  difference  is  4.3,  which  is  the  percentage 
of  fat  or  number  of  pounds  of  fat  in  100  pounds  of  the  milk  tested. 


Notes 

I  cc.  means  i  cubic  centimeter  or  about  20  drops. 

If  the  fat  column  is  clouded  with  white  specks,  probably  the  acid 
was  not  strong  enough,  or  not  enough  was  used,  or  the  heat  was  not 
high  enough. 

If  the  fat  column  is  clouded  with  dark  specks,  probably  the  acid  was 
too  strong,  or  too  much  was  used,  or  the  heat  was  too  great. 

Always  keep  the  acid  bottle  closed  when  not  in  use  or  the  acid  will 
lose  strength.    Remember  that  it  is  a  poison  and  corrosive. 


POINTS  TO  BE  ESPECIALLY  NOTED  IN  MAKING  THp  BABCOCK  TEST 

H.  E.  Ross 

1.  Be  sure  to  mix  the  sample  of  milk  thoroughly  before  drawing  it 
out  with  the  pipette. 

2.  When  measuring  a  sample  of  milk  with  the  pipette  keep  the  index 
finger  dry. 

3.  When  measuring  a  sample  of  milk  keep  the  mark  on  the  pipette 
on  a  level  with  the  eye.  The  same  precaution  should  be  observed  when 
reading  the  percentage  of  fat  after  the  test  is  completed. 

4.  Do  not  try  to  measure  a  sample  of  milk  by  drawing  the  milk  just 
to  the  mark  on  the  pipette.    Draw  the  milk  above  the  mark,  as  directed. 

5.  When  adding  milk  or  acid  to  the  test  bottle,  slant  the  bottle. 
The  liquid  will  then  run  down  the  lower  inside  of  the  neck  of  the  bottle, 
and  will  not  be  forced  out  by  outcoming  air. 

6.  Do  not  hold  the  bottle  so  that  its  mouth  points  toward  yourself 
or  any  one  else.  The  action  of  the  acid  upon  the  milk  produces  great 
heat.  This  heat  often  causes  the  contents  of  the  bottle  to  spurt  out 
violently. 

7.  After  adding  the  acid  to  the  milk,  shake  the  bottle  thoroughly 
until  the  contents  become  dark  in  colon 
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8.  After  using  the  pipette  wash  it  thoroughly,  preferably  in  hot 
water.  This  will  tend  to  prevent  the  transmission  of  disease  germs 
from  the  mouth  of  one  person  to  another,  should  any  such  germs  be 
present. 

9.  The  tester  should  be  firmly  fastened  to  a  solid  bench  or  table. 

ID.  The  person  operating  the  machine  should  give  his  or  her  whole 
attention  to  it,  and  not  allow  the  fingers  or  clothing  to  get  in  the  path 
of  the  bottle  cups. 

11.  Remove  all  objects  from  the  vicinity  of  the  tester.  This  will  pre- 
vent their  being  hit  by  the  bottle  cups  when  the  machine  is  in  motion. 

12.  If  acid  is  spilled  upon  anything  pour  on  plenty  of  water,  and  then 
add  some  alkali,  such  as  lime  or  baking  soda,  to  neutralize  the  acid. 

13.  Do  not  leave  the  acid  bottle  uncorked. 
14    Keep  all  glassware  perfectly  clean. 

15.  After  washing  the  glassware,  rinse  it  thoroughly  in  clean  water 
to  remove  soap  powder.  The  soap  powder  and  the  acid  form  a  violent 
chemical  reaction. 


IX.  milk  records 

W.  A.  Stocking,  Jr. 

Every  dairyman  should  know  as  nearly  as  possible  how  much  milk  and 
butter-fat  he  receives  from  each  cow  in  his  herd.  This  is  the  only  way 
by  which  the  dairyman  can  know  how  much  profit  he  is  making  on  each 
cow.  If  he  does  not  know  the  yield  of  each  cow,  it  is  more  than  proba- 
ble that  he  is  keeping  some  of  his  cows  without  making  any  profit, 
and  possibly  at  a  considerable  loss.  The  only  way  we  can 
know  how  much  milk  each  cow  is  producing  is  to  keep  an  accurate 
record.  This  can  be  done  either  by  weighing  or  measuring  the  milk 
every  day  or  for  one  or  two  days  each  month.  If  a  record  of  the  milk 
for  one  or  two  days  each  month  is  taken,  this  will  give  a  fairly  correct 
idea  of  what  each  cow  will  produce  during  the  year.  A  form  like  No.  i 
makes  a  very  easy  way  to  keep  this  sort  of  record.  This  sheet  can 
be  made  any  desired  size,  sufficient  to  hold  the  records  of  any  number 
of  cows  which  may  be  in  the  herd.  If  one  wishes  to  keep  a  record 
of  each  day's  milk,  a  form  similar  to  No.  2  is  better.  This  can  also 
be  made  any  desired  size.  If  the  herd  is  large,  a  piece  of  wrapping 
paper  can  be  ruled  oflf  like  form  No.  2.  This  gives  an  opportunity  to 
record  the  milk  at  each  milking,  and  at  the  end  of  the  month  the  total 
can  be  put  at  the  bottom  of  the  sheet 
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The  easiest  way  to  record  the  milk  is  by  weight,  and  for  this  purpose 
a  spring  balance  is  the  easiest  to  use,  since  it  can  be  hung  in  the  stable 
so  that  the  milk  of  each  cow  can  be  weighed  quickly  by  hanging  the 
pail  on  the  balance. 

In  addition  to  the  amount  of  milk  which  a  cow  gives,  it  is  usually 
desirable  to  know  how  much  butter-fat  the  milk  contains.  In  order 
to  determine  this  it  is  necessary  to  take  a  small  sample  of  milk  at  the 
time  of  milking,  and  then  determine  the  percentage  of  fat  by  means  of 
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HAHi:  OF 
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Eve. 
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NAME. 


Morn. 


Eve. 
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Form  No.  i 
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^ 


^^ 


Mi^ 


^££^Ui& 


MMik 


^ 


^: 


Form  No.  2 


the  Babcock  test.  In  any  school  where  the  teacher  has  the  apparatus 
for  testing  milk  by  the  Babcock  method,  the  pupils  can  easily  determine 
the  amount  of  milk  which  one  or  more  of  their  cows  produces,  and  bring 
a  sample  and  test  it  at  the  school.  In  this  way  they  can  get  accurate 
records  which  will  be  of  much  practical  value  to  their  parents. 


X.   FARM   BUTTER  MAKING 
C.    A.    PUBLOW 


No  article  of  food  is  more  appreciated  at  the  table  than  good  butter, 
yet  no  part  of  the  meal  is  more  difficult  to  secure.  It  is  true  that  many 
fanners  have  taken  advantage  of  the  high  prices  offered  for  butter  of 
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finest  quality,  and  are  making  a  determined  effort  to  provide  conditions 
and  utensils  with  which  they  may  manufacture  better  butter,  but  the 
great  majority  of  farmers  in  New  York  State  do  not  make  a  uniform 
qualfty  of  good  butter. 

This  is  a  serious  problem  for  the  dairy  farmer  to  meet.     Millions  of 
dollars  are  being  lost  annually  because  dairy  butter  is  of  poor  quality- 
One  can  readily  appreciate  this  by  reading  the  market  reports.     From 
these  we  learn  that  creamery-made  butter  sells  for  several  cents  i>er 
pound  more  than  dairy-made  butter.     Surely  this  should  not  be  when 
the  creameryman  manufactures  butter  from  cream  from  many  herds, 
cared  for  under  varied  conditions  more  or  less  unsanitary,  while  the 
private  dairyman  has  only  the  cream  from  one  herd  to  care  for,  and 
should  therefore  have  much  better  control  over  conditions  that  influence 
the  quality  of  butter. 

The  most  common  causes  of  bad  butter  are  as  follows : 

1.  Unclean  milk  or  cream. 

2.  Keeping  cream  too  long  or  at  too  high  temperature  before  churning. 

3.  Keeping  cream  in  cellars  or  store-rooms  where  strong  smelling 
vegetables  or  foods  are  kept. 

4.  Improper  washing  of  butter  to  remove  the  buttfermilk. 

5.  The  use  of  too  much  salt. 

When  cream  is  saved  for  several  days  before  churning,  it  must  be 
kept  very  cold  or  the  butter  will  be  strong  or  rancid  in  flavor.  It  is 
much  better  to  churn  at  least  every  two  days,  even  though  the  quantity 
is  small,  if  mild,  fine  flavor  is  desired  in  the  butter. 

There  is  a  great  opportunity  for  the  farmer  of  New  York  State  to 
secure  high  prices  for  his  butter  if  the  quality  is  right.  To  have  it 
right,  everything  surrounding  the  manufacturing  process  must  be 
absolutely  clean.  The  cream  must  be  well  cared  for,  and  the  butter 
must  be  put  up  neatly  and  be  attractive.  When  this  is  done,  the  con- 
sumer will  have  less  difficulty  in  securing  good,  reliable  butter  for  table 
use,  and  the  producer  will  find  a  more  ready  sale. 

Note. —  It  would  be  a  good  thing  for  the  farm  girls  to  try  to  make 
good  butter  during  vacation.    We  shall  be  glad  to  hear  from  all  who  try. 


XI.   COTTAGE  CHEESE  MAKING 

Purpose. —  To  teach  one  of  the  uses  of  skimmed  milk  and  buttermilk. 

Materials. —  Thermometer,  milk  pan  holding  about  three  quarts,  one 
milk  pail,  one-half  yard  of  white  cotton  cloth,  one  quart  of  skimmed 
milk,  one  quart  of  buttermilk,  and  one  ounce  of  salt.  Use  clean  iher- 
tnometer. 
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Method. —  Pour  the  skimmed  milk  and  the  buttermilk  into  the  milk 
pan.  Heat  to  ninety  degrees  Fahr.  and  leave  undisturbed  till  firmly 
coagulated.  Attach  the  cotton  cloth  over  the  top  of  the  pail  so  that  it 
vrill  serve  as  a  strainer.  Pour  the  coagulated  milk  on  the  strainer. 
After  the  watery  part  (whey)  has  drained  off,  the  "  curd  "  is  left.  Re- 
move the  strainer  with  the  cui^d  in  it  from  the  pail  top  and  place  it  on  a 
table  or  board.  Sprinkle  one  ounce  of  salt  over  the  curd  and  work  it 
in  by  kneading  the  curd  with  the  hands.  The  cheese  is  then  ready  for 
eating.  When  packed,  it  is  moulded  into  small  cylindrical  forms  and 
wrapped  in  parchment  paper  and  tinfoil. 

Sandwich  cheese  is  made  by  adding  chopped  nuts  to  the  cottage  curd 
while  the  salt  is  being  worked  in. 


Score  Card  —  Dairy  Cattle 


SCALE  OP  POINTS— cow 


GENERAL  APPEARANCE: 

Weight,  estimated lbs.;  actual 

Form,  wedge  shape  as  viewed  from  front,  side  and  top 

Form,  spare  as  indicated   by  prominent  joints   ana  clean  bone   and 

lack  of  muscular  development  along  ribs  and  loins 

Quality,  hair  fine,  soft;  skin  pliable,  loose,  medium  thickness;  Secretion 

yellow,  abundant 

Constitution,  vigorous,  as    indicated    by    alert    expression,    evidently 

active  vital  functions,  and  general  healthy  appearance 

HEAD  AND  NECK: 

Muzzle,  clean  cut;  mouth  large;  nostrils  large 

Eyes,  large,  bright 

Face,  lean,  long;  quiet  expression 

Forehead,  bro£^.  slishtly  dished 

Ears,  medium  size;  nne  texture 

Neck,  fine,  medium  length:  throat  clean;  light  dewlap 

FORE  AND  HIND  QUARTERS: 

Withers,  lean,  thin;  Shoulders,  an^lar,  not  fleshy 

Hips,  far  apart;  not  lower  than  spine. . .  ] 

Rump,  long,  wide,  comparatively  level. .  [ 

Thuris,  high,  wide  apart j 

Thighs,  thin,  long 

Legs,  straight,  short;  shank  fine 

BODY: 

Chest,  deep;  with  large  girth  and  broad  on  floor  of  chest;  well  sprung 

ribs 

Abdomen,-  large,  deep:  indicative  of  capacity;  well  supported 

Back,  lean,  straight,  cnine  open.    Tail,  long,  slim,  witn  fine  switch  . 

Loin,  broad 

MILK  SECRETING  ORGANS: 

Udder,  large,  long,  attached  high  and  full  behind;  extending  far  in  front 

and  full ;  quarters  even 

Udder,  capacious,  flexible,  with  loose,  pliable  skin  covered  with  short. 

fine  hair 

Teats,  convenient  size,  evenly  placed 

Milk  Veins,  large,  tortuous,  long,  branching,  with  large   milk    wells. 

Escutcheon,  spreading  over  thighs,  extending  high  and  wide  .... 


Total. 


Perfect 
Score 


Points  Deficient 


Stud'ts 
Esti- 
mate 


Per 
Cent 
Cut 


.Date  . 


Student Total  Seer*  . 
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THE  TOAD 
Anna  Botsford  Comstock 

ERY  few  boys  and  girls  know  much  about  toads 
and  this  is  most  unfortunate.  The  toad  is  really 
a  friend  to  the  gardener  and  to  the  farmer,  but 
owing  to  the  ignorance  of  those  whom  it  has 
befriended,  it  has  been  subject  to  many  perse- 
cutions. It  lives  entirely  on  small  animals,  usu- 
ally insects ;  it  is  not  discriminating  as  to  what  kind  of  insects,  but  because 
of  the  places  which  it  haunts  it  usually  feeds  on  those  that  are  injurious 
to  grass  and  plants.  Yet  the  toad  is  not  entirely  a  creature  without  judg- 
ment in  the  matter  of  its  food.  It  will  walk  around  a  squirming  earth- 
worm until  it  can  seize  it  by  the  head,  thus  avoiding  having"  its  throat 
rasped  by  the  thorny  hooks  which  extend  backward  from  each  s^pment 
of  the  worm.  When  swallowing  a  large  mouthful,  the  toad  closes  its 
eyes,  but  whether  this  aids  the  process  of  swallowing  or  is  merely  an 
expression  of  satisfaction  is  hard  to  determine. 

The  toad  drinks,  not  by  taking  water  through  the  mouth,  but  by 
absorbing  it  through  the  skin.  When  it  wishes  to  drink,  it  stretches 
itself  out  in  shallow  water  and  thus  satisfies  its  thirst.  A  toad  will  waste 
away  and  die  in  a  very  short  time  if  kept  in  a  dry  atmosphere. 

Description, —  The  common  American  toad,  though  extremely  variable 
in  color,  usually  closely  resembles  the  soil  in  which  it  lives.    It  is  nearly 
always  yellowish  brown,  with  light  spots  and  reddish  or  yellowish  warts. 
There  are  likely  to  be  four  irregular  spots  of  dark  along  each  side  of  the 
middle  of  the  back.    The  under  parts  are  light,  often  somewhat  spotted. 
The  throat  of  the  male  toad  is  black,  and  he  is  not  so  bright  in  color  as 
his  mate.    The  warts  on  the  back  of  the  toad  are  glands  which  secrete  a 
substance  disagreeable  to  the  taste  of  its  enemies.    This  is  especially  true 
of  the  glands  in  the  elongated  swelling  or  wart  above  and  just  back  of 
each  ear,  which  are  called  the  parotid  glands.  These  glands  excrete  a  milky, 
poisonous  substance  when  the  toad  is  seized  by  an  enemy,  althoagfc 
snakes  do  not  seem  to  be  disturbed  by  it.    Some  persons  think  that  the 
toad  is  slimy,  but  this  is  not  true ;  the  skin  is  perfectly  dry.    The  toad 
feels  cool  to  the  hand  because  it  is  a  cold-blooded  animal;  that  is,  an 
animal  whose  blood  is  of  the  temperature  of  the  surrounding  atmos- 
phere.   The  blood  of  a  warm-blooded  animal  has  a  temperature  of  ^ 
own,  which  it  maintains  whether  or  not  the  surrounding  atmosphere 
is  cool. 
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The  toad's  eyes  are  elevated  above  the  head  and  are,  therefore,  thor- 
oughly efficient.  They  are  really  very  pretty  eyes,  the  pupil  being  oval 
and  the  surrounding  iris  like  shining  gold.  When  the  toad  winks,  the 
eyes  are  pulled  down  into  the  head.  They  are  provided  with  nictitating. 
lids,  which  rise  from  below,  and  are  similar  to  those  in  birds'  eyes. 

The  two  tiny  nostrils  are  black  and  easily  seen.  The  ear  i3  a  flat,  oval 
sfHDt  behind  the  eye  and  a  little  lower  down ;  in  the  common  species,  it 
is  not  quite  so  large  as  the  eye.  This  is  really  the  ear-drum,  since  the 
toad  has  no  external  ear  as  we  have.  Its  mouth  is  wide,  and  its  jaws 
are  horny.  It  does  not  need  teeth,  since  it  swallows  its  prey  whole.  Its 
tongue  is  attached  to  the  lower  jaw  at  the  front  edge  of  the  mouth. 
From  this  position  it  can  be  thrust  far  out.  Because  its  surface  is  cov- 
ered with  a  sticky  substance,  it  adheres  to  any  insect  which  it  touches 
and  thus  the  toad  secures  its  food. 

In  breathing,  the  toad  swallows  the  air,  a  process  shown  in  the  con- 
stant pulsation  of  the  throat.  The  toad  also  sheds  its  skin,  which  it 
swallows  —  a  very  strange  habit. 

The  toad  is  a  good  jumper  and,  indeed,  needs  to  be.  Its  strong  hind 
legs  have  feet  which  are  long  and  strong  and  armed  with  five  toes  that 
are  somewhat  webbed,  for  use  in  swimming.  The  front  legs  are  shorter 
and  each  front  foot  has  but  four  toes. 

The  toad  has  an  interesting  habit  of  changing  color  to  match  its  back- 
ground^ which  is  undoubtedly  a  beneficial  habit,  making  it  invisible  to 
its  enemies.  If  we  take  a  toad  from  the  garden  and  put  it  in  a  white 
enameled  pan  or  wash-bowl  in  which  there  is  a  little  water,  it  will  in  a 
few  hours  change  to  a  lighter  color ;  soon  after,  if  we  put  it  back  on  the 
brown  earth  again,  it  will  regain  its  brownish  hue. 

The  toad  prefers  to  live  in  cool,  damp  places.  It  burrows  in  the 
earth  by  kicking  backward  with  its  strong  hind  legs  and  soon  covers 
itself  completely.  It  remains  in  its  burrow  or  hiding  place  usually  dur- 
ing the  day  and  comes  out  to  feed  .at  night,  when  there  are  plenty  of 
insects  flying  about,  and  when  snakes  are  sleeping.  It  is  interesting  to 
observe  that  toads  have  discovered  that  the  vicinity  of  street  lights  is  a 
good  place  to  find  insects,  and  they  gather  there  in  numbers.  In  winter 
they  burrow  deeply  into  the  ground  and  go  to  sleep,  remaining  dormant 
until  the  warmth  of  spring  awakens  them. 

The  song  of  the  toad, —  This  song  is  a  pleasant  crooning,  made  when 
the  throat  is  puffed  out  in  globular  shape,  forming  a  vocal  sac.  The  even- 
ings in  spring  are  surely  much  pleasanter  because  of  the  toad  music. 
Early  in  the  spring  the  mother  toads  seek  their  native  ponds  and  there  lay 
their  eggs  for  the  coming  generation. 

The  tadpole.--^  The  toad's  eggs  are  laid  in  long  strings  of  jelly-like 
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substance,  and  are  dropped  on  the  bottom  of  the  pond  or  attached  to 
water  weeds.    At  first  the  eggs  are  spherical,  but  they  elongate  as  they 
develop,  and  soon  the  tadpoles  may  be  seen  wriggling  in  the  jelly-like 
mass.     After  four  or  five  days,  the  tadpoles  work  their  way  out  and 
swim  away.    At  this  stage  they  are  small,  elongated  creatures  with  no 
noticeable  head.     Soon  the  head  develops  noticeably.     For  some   time 
there  is  no  mouth  but  a  V-shaped  sucker  where  the  mouth  should  be,  by 
which  the  little  creature  attaches  itself  to  water  weeds  when  resting.     At 
this  stage,  if  we  look  at  a  tadpole  with  a  lens  we  can  see  a  little  tassel 
of  short  threads  on  each  side  of  the  throat.    These  are  gills,  comparable 
to  the  gills  of  fishes;  the  blood  passes  through  them  and  is  purified 
through  their  very  thin  walls  by  coming  in  contact  with  the  air  which 
is  mixed  with  the  water.     After  about  ten  days,  these  gills  disappear  be- 
neath a  membrane  which  grows  down  over  them.    They  are  still  used 
for  breathing,  however,  the  air  which  passes  through  them  being  drawn 
in  through  the  nostrils  and  mouth,  and  passing  out  through  an  opening 
at  the  left  side  of  the  body.     This  opening  or  breathing-pore  may    be 
easily  seen  in  the  large  tadpoles.     When  the  left  arm  develops,  it  is 
pushed  out  through  this  convenient  opening.    When  about  ten  days  old, 
the  tadpole  has  developed  a  small  round  mouth,  which  is  provided  wnth 
horny  jaws  for  biting  oiF  pieces  of  plants.     Later  this  mouth  becomes 
larger  and  wider  and  more  like  that  of  a  toad. 

The  tadpole's  eyes  are  hardly  to  be  seen  at  first,  but  later  they  become 
prominent.  The  tadpole's  tail  is  long,  flat,  and  surrounded  by  a  fin,  and 
is  a  most  excellent  organ  for  swimming.  There  is  a  superstition  that 
tadpoles  eat  their  tails.  In  one  sense,  this  is  true,  because  the  material 
that  is  in  the  tail  is  absorbed  into  the  growing  body,  but  the  last  thing  a 
tadpole  would  do  would  be  to  bite  off  its  own  tail.  If,  however,  some 
other  tadpole  should  bite  off  its  tail  or  growing  leg,  these  organs  would 
conveniently  grow  out  anew. 

When  a  tadpole  is  a  month  or  two  old,  the  time  varying  with  the 
species,  its  hind  legs  begin  to  show,  at  first  mere  buds  which  later  push 
out  into  real  legs.  About  two  weeks  later,  the  front  legs  begin  to  appear. 
These  are  used  for  balancing  the  creature  in  the  water.  The  hind  legs 
meanwhile  are  used  for  pushing  and  swimming,  as  the  tail  becomes 
smaller,  until  at  last  some  rainy  day  the  little  tadpole  feels  that  it  is 
fit  to  live  as  a  land  animal.  It  may  not  be  a  half  inch  in  length,  but  it 
swims  to  the  shore,  lifts  itself  on  its  front  legs  and  walks  off,  toeing-in 
with  a  very  grown-up  air,  and  hops  away  to  hide  under  some  leaf  or 
other  shelter.  When  great  numbers  of  these  tiny  toads  come  out  of  the 
water  during  a  rain  storm,  ignorant  persons  conclude  that  they  have 
rained  down. 
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Pig.  41. — Toad  development  in  a  single  season  {1Q03) 
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References.— " The  Frog  Book,"  Dickerson;  "Familiar  Life  in  Fidd 
and  Forest,"  Mathews;  Farmers'*  Bulletin  No.  196,  U.  S.  Department  of 
Agriculture,  "  Usefulness  of  the  American  Toad." 

Lesson  for  Pupils 

Method. —  Make  a  moss  garden  in  a  glass  aquarium  jar  thus:  Place 
some  stones  or  gravel  in  the  bottom  of  the  jar;  cover  the  stones  with 
moss ;  cover  the  jar  with  a  wire  screen.  The  moss  should  be  deluged 
with  water  at  least  once  a  day,  and  the  jar  should  be  placed  where  the 
direct  sunlight  will  not  reach  it.  In  this  jar  keep  a  toad  until  the 
children  have  become  acquainted  with  it  in  every  particular. 

To  make  a  tadpole  aquarium,  take  a  tin  or  agate  pan  or  earthenware 
wash-bowl.    Place  in  this  some  small  stones  at  the  bottom,  building  up 
one  side  higher  than  the  other  so  as  to  have  both  shallow  and  deep 
water.    Take  some  of  the  mud  and  leaves  from  the  bottom  of  a  pond 
and  place  them  upon  the  stones.     Plant  in  the  mud  some  of  the  weeds 
you  find  growing  under  water  among  the  stones.     Carry  a  pan  thus 
prepared  to  the  schoolhouse  and  place  it  where  the  sun  will  not  shine 
directly  on  it.     Bring  a  pail  of  water  irom  the  pond  and  pour  it  very 
gently  in  at  one  side  of  the  pan  so  as  not  to  disarrange  the  plants.    Fill 
the  pan  nearly  to  the  brim.     In  this  pan  place  not  more  than  a  dozen 
tadpoles,  because  the  amount  of  food  on  the  plants  and  in  the  mud  wfl 
supply  only  a  few  individuals.     Every  week  add  a  little  more  mud  from 
the  bottom  of  the  pond  or  another  stone  covered  with  slime.    Also 
place  at  one  side  a  little  yolk  of  hard-boiled  egg.    Remove  the  outer 
skin  from  one  side  of  a  tulip  leaf  so  as  to  expose  the  pulp,  and  give  a 
leaf  to  the  tadpoles  every  day  or  two. 

Observations. —  i.  Where  is  the  tadpole  usually  found?  Does  it  feel 
cool  or  warm  to  the  hand  ?  Is  it  slimy  or  dry  ?  The  tadpole  is  a  cold- 
blooded animal ;  what  does  this  mean  ? 

2.  Describe  the  color  of  the  tadpole  above  and  below  ?  How  does  its 
back  look?  Do  you  think  its  color  protects  it  from  the  sight  of  its 
enemies?    Of  what  use  to  the  tadpole  are  the  warts  on  its  back? 

3.  Describe  the  toad's  eyes.  Are  they  situated  so  that  the  toad  can 
see  in  all  directions?  Note  the  shape  and  color  of  the  eye.  How  does 
the  toad  wink? 

4.  Can  you  find  the  ear  of  the  toad?  Do  you  see  a  swelling  jflst 
back  of  the  ear?    What  is  the  use  of  this?    Find  the  toad's  nostrils. 

5.  Describe  the  toad's  mouth.  Has  it  any  teeth  ?  Describe  its  tonp* 
Where  15  it  attached?    How  does  it  catch  insects? 

6.  Why  are  the  toad's  hind  legs  so  much  longer  and  stronger  thtf 
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the  front  legs?    How  many  toes  have  the  hind  legs?    How  many  have 
the  front  legs? 

7.  Take  a  toad  from  the  garden  and  place  it  in  a  white  wash-bowl 
in  which  there  is  a  little  water.  How  long  before  the  toad  changes 
color?  Is  it  much  lighter  in  color  than  it  was  before?  Of  what  ad- 
vantage to  the  toad  is  this  power  of  changing  color  to  match  its  sur- 
roundings ? 

8.  At  what  time  do  toads  come  out  to  hunt  insects?  Where  do  they 
remain  during  the  day  ?  Describe  how  they  burrow  into  the  earth.  How 
does  the  toad  drink? 

9.  What  happens  to  the  toad  in  winter?  What  happens  to  it  in  the 
spring?    How  does  it  look  when  croaking? 

10.  How  does  the  toad  escape  its  enemies?  How  far  can  a  full-grown 
toad  jump?    Is  it  also  a  good  swimmer? 

11.  Where  were  the  eggs  found  and  at  what  date?  Were  they 
attached  to  anything  in  the  water  or  were  they  floating  free?  Are  the 
eggs  in  long  strings  or  in  masses  of  jelly-like  substance?  How  can  you 
tell  the  eggs  of  toads  from  those  of  frogs? 

12.  When  the  eggs  are  first  laid  are  tiiey  round  or  elongate?  What 
is  their  shape  two  or  three  days  later?  Do  the  little  tadpoles  move 
while  they  are  still  in  the  jelly  mass?  How  does  the  tadpole  break 
from  the  jelly  covering  of  the  eggs? 

13.  Can  you  distinguish  which  is  the  head  and  which  the  tail  of  the 
tadpole  after  it  has  just  hatched  and  broken  from  the  jelly?  How  does' 
it  act  at  first  ?    How  does  it  rest  ? 

14.  Can  you  see  with  the  aid  of  a  lens  some  little  fringes  on  each  side 
of  the  neck?  What  are  these?  Can  you  see  these  fringes  in  the  older 
tadpole?  How  does  the  tadpole  breathe?  Can  you  see  the  breathing- 
pore  on  the  left  side? 

15.  How  does  the  tail  look  and  how  is  it  used?  Which  legs  appear 
first,  and  how  do  they  look?  Describe  the  hind  legs  of  the  tadpole  and 
tell  how  they  are  used?  How  long  after  the  hind  legs  appear  before 
the  front  legs  or  arms  appear?  Where  does  the  left  arm  come  from? 
After  both  pairs  of  legs  are  developed,  what  happens  to  the  tail  ?  Why 
is  this? 

16.  As  the  tadpole  grows  older,  how  do  its  eyes  change  in  appearance  ? 
As  it  grows  to  look  like  a  toad,  how  does  it  change  in  its  actions?  Is 
there  a  diflFerence  between  the  hands  and  feet  of  the  fully  grown  tad- 
pole? 

17.  If  the  tadpole's  tail  or  leg  is  bitten  off,  will  it  grow  again?  Does 
the  tadpole,  when  it  is  fully  grown,  stay  for  a  long  time  beneath  the 
water?    If  not,  why? 
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THE  HOG 
E.  S.  Savage 


Nearly  every  child  has  seen  a  hog  and  can  recognize  one  without  the 
aid  of  a  description.  Few  children,  however,  or  grown  folk  either,  know 
that  the  hog  is  one  of  our  cleanest  animals  if  given  the  opportunity  to  be. 
The  hog  is  a  good  housekeeper,  and  if  he  is  given  a  dry  place  that  is  suf- 
ficiently roomy  he  will  divide  his  house  into  a  clean  sleeping  place  and  a 
living  room.  He  will  always  keep  his  sleeping  place  dry  and  clean.  Be- 
cause of  the  nature  of  his  food  he  cannot  keep  his  eating  place  clean. 

Owing  to  the  thick  coating  of  fat  on  the  outside  of  his  body,  the  hog 
cannot  perspire  and  must  therefore  radiate  the  extra  heat.  The  dog, 
sheep,  and  cow  do  not  perspire  in  hot  weather  but  get  rid  of  extra  bodily 
heat  through  their  mouths.  The  horse  perspires.  The  hog"  can  do 
neither.  He  must  come  into  contact  with  something  that  will  absorb 
heat  from  his  body ;  therefore  he  wallows  in  mud  or  water. 

If  possible,  take  a  trip  to  a  farm  where  hogs  are  kept.  H  the  owner 
understands  the  nature  of  the  animals,  you  will  observe  that  a  hog  will 
keep  himself  reasonably  clean  where  given  plenty  of  straw  and  room 
enough  in  a  dry  part  of  the  pen  to  make  himself  a  comfortable  bed. 

Because  a  hog  will  make  himself  a  v/allow  if  he  is  not  provided  with  a 
clean  mud-hole,  and  since  he  cannot  wash  his  trough  after  each  meal  his 
pen  will  draw  flies  and  perhaps  become  a  breeding  place  for  flies.  The 
pens  should  therefore  be  located  as  far  from  the  house  as  possible. 
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ANIMALS  TO  BE  RECOGNIZED  IN  1911-12 
Arthur  A.  Allen 

The  Frog. —  How  distinguished:  (i)  Cold-blooded  animal.     (2)  Tail 
absent  in  adults.     (3)  Skin  smooth  and  moist.     Important  facts:  Frogs 
live  mostly  in  moist  places,  although  sometimes  found  far  from  water.  In 
the  spring  they  migrate  to  the  ponds  where  they  lay  their  eggs  in  spher- 
ical or  flattened  masses,  never  in  strings.    The  eggs  hatch  into  tadpoles 
(f)olywogs)  which  live  in  the  water  from  a  few  months  to  two  or  three 
years,  depending  on  the  species;  then  they  transform  into  adult  frogs, 
losing  their  tails  and  gaining  legs.     Many  species  then  leave  the  water. 
There  are  five  species  of  frogs  and  one  species  of  toad  found  commoply  in 
New  York  State.     The  toad  is  easily  distinguished  by  its  warty  skin.    The 
bull- frog  is  the  largest  of  all  the  frogs.     It  is  a  deep  brownish  green  in 
color,  brighter  on  the  head.    The  green  frog  resembles  the  bull-frog  but  is 
much  smaller.     The  wood  frog  is  light  or  dark'  brown  without  spots,  but 
with  the  legs  barred,  and  with  a  dark  brown  band  on  the  side   of   the 
head.     The  leopard  frog  may  be  green  or  brown  and  has  long,  dark 
spots  on  its  back.     The  pickerel  frog  resembles  a  brown  leopard  frog  but 
the  under  surface  of  its  legs  is  bright  yellow. 

The  Bat, —  How  distinguished:  A  bat  can  be  distinguished  by  its 
leathery  wings. 

Important  facts:  A  bat  is  a  mammal  and  resembles  other  mammals 
in  every  way  except  for  the  possession  of  wings.  These  wings  are  formed 
of  almost  naked  skin,  stretched  between  the  greatly  elongated  fingers, 
and  the  smaller,  weaker  legs  and  tail.  Bats  are  nocturnal  in  their  habits 
and  feed  on  insects  which  they  catch  with  their  wings.  Their  eyes  are 
very  small,  so  that  they  depend  more  on  the  sense  of  touch  than  on  sight 
to  guide  them.  There  are  many  superstitions  about  bats,  but  they  .are 
in  reality  harmless. 

The  Rat. —  How  distinguished:  A  common  rat  may  be  distinguished 
by  its  large  size  (much  larger  than  a  mouse),  and  its  scaly,  cylindrical  tail. 
Important  facts :  It  is  a  native  of  India  and  Persia  but  has  become  dis- 
persed all  over  the  world,  being  brought  to  this  country  from  Europe 
about  1775.  Here,  like  the  common  mouse,  it  has  largely  replaced  the 
American  species  about  our  dwellings.  It  is  a  rodent  or  gnawing  animal, 
as  can  be  determined  by  its  teeth.  Its  incisors  are  chisel-like,  and  its 
canines  are  absent  entirely.  It  is  very  fond  of  wet  places  and  aside  from 
dwellings  is  found  in  large  numbers  about  sewers,  low-land  streams  and 
such-like  places.    It  is  unclean,  a  carrier  of  disease,  and  should  be 

^*^*'"°y^-  DigltizedbyGOOgle 


922  Rural  School  Leaflet 

The  Rabbit. —  How  distinguished :  A  rabbit  can  be  distinguished  from 
other  common  animals  by  its  large  hind  legs,  long  ears,  and  very  short, 
fluffy  tail. 

Important  facts :  Most  of  the  rabbits  kept  in  captivity  are  from  Euro- 
pean stock,  greatly  changed  through  long  domestication.  The  common 
wild  rabbit,  or  cotton-tail,  of  New  York  State,  may  be  distinguished  from 
the  domesticated  variety  by  its  uniformly  grizzled  brown  coloration  and 
shorter  ears.  The  rabbit  is  a  rodent,  or  gnawing  animal,  but  feeds  largely 
on  herbage.  It  frequently  makes  burrows  in  the  ground,  where  it  takes 
refuge,  and  where  in  the  European  rabbit  the  young  are  bom.  In  the 
American  cotton-tail  the  young  are  generally  placed  above  ground  in 
a  nest  made  from  fur  of  the  mother.  In  some  places  where  forage  is 
scarce,  and  rabbits  are  abundant  they  do  considerable  damage  to  young 
fruit  trees.  They  form,  however,  an  important  item  in  the  food  supply 
of  the  nation,  both  in  the  wild  state  and  in  the  domesticated  varieties. 


BEANS 
G.  R  Warren 


NOT  many  of  the  boys  and  girls  who  have  grown  beans 
year  after  year  know  much  about  them ;  yet  this  sub- 
ject gives  opportunity  for  a  most  interesting  study  of 
plant  life  and  furthermore  is  of  economic  importance. 
What  a  legume  is. —  Beans  are  one  of  the  many  legumes 
that  are  of  so  much  importance  to  the  farmer.     Clover,  alfalfa, 
peas,  beans,  and  their  like,  have  long  been  known  to  be  of 
unusna!  vahte. 

The  word  legume  really  means  a  pod  like  the  pod  of  a  bean  that  has 
all  the  seeds  in  one  cell  or  compartment  and  that  splits  into  two  halves. 
The  original  word  meant  "  to  gather."  We  might  possibly  say  that  a  pod 
of  this  kind  folds  up  so  as  "  to  gather  "  the  seeds. 

Fig.  42  shows  a  legume,  that  is,  a  pod  of  this  particular  kind.  Now 
we  have  come  to  call  the  entire  plant  a  legume  or  leguminous  plant  if  it 
has  a  seed-pod  of  this  kind.  Peas,  beans,  cowpeas,  soybeans,  vetches,  lo- 
cust trees,  clover,  alfalfa,  and  others  of  this  family,  all  have  a  legume 
seed-pod.  The  pod  in  clover  is  very  small  and  the  alfalfa  pod  is  twisted ; 
but  they  are  both  one-celled  and  split  into  the  two  dry  halves  as  does  the 
bean  pod.  This  kind  of  pod  and  the  butterfly-like  blossom  help  us  to 
identify  legumes. 

Legumes  and  nitrogen, —  All  green  plants  are  able  to  secure  nitrogen 
from  the  soil  and  legumes  require  more  nitrogen  than  othererops.i  They 
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Have,  therefore,  an  additional  way  of  securing  it.  They  can  take  it  from 
the  soil  as  all  other  crops  do  and  can  also  get  it  from  the  air.  A  cer- 
tain kind  of  bacteria  lives  on  the  roots  of  legumes.  These  bacteria  cause 
the  nodules  shown  in  Fig.  43.  They  have  the  power  to  take  nitrogen 
from  the  air  in  the  soil,  and  ultimately  the  nitrogen  that  they 
secure  in  this  way  becomes  available  for  the  legume.    We  are  particu- 


FiG.  42. — Pods  of  leguminous  plants 

r.  Pea     2.  Hairy  vetch    3.  Soybean    4.  Bean    The  opened  pods  show  the  characteristics  from  which 
these  plants  derive  the  name  legume 

larly  interested  in  this  fact  because  nitrogen  is  one  of  the  most  expensive 
of  all  foods,  whether  it  be  for  plants,  stock,  or  men.  When  we  buy  nitro- 
gen as  a  fertilizer  for  crops,  or  in  bran  and  oil  meal  for  stock,  or  in  eggs, 
meat,  and  beans,  for  our  tables,  it  is  always  expensive.  Since  a  legume 
has  two  ways  of  securing  nitrogen,  it  follows  that  it  will  contain  more 
nitrogen  than  other  crops.  Beans  contain  twice  as  much  nitrogen  as 
wheat,  and  sell  for  about  twice  as  much  per  bushel  as  wheat.  Clover  hay 
contains  about  twice  as  much  nitrogen  as  timothy. 
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Soils  for  beans. —  Beans  can  be  made  to  grow  on  almost  any  soil,  but 
a  good  soil  that  contains  much  lime  is  required  to  grow  them  profitablv. 
Lime  is  particularly  necessary  for  all  leguminous  crops.  Nearly  all  the 
field  beans  in  New  York  are  raised  on  limestone  soils. 

Field  beans, — Most  of  the  dry  beans  that  are  used  for  food  are  g^own 
in  New  York  and  Michigan.  In  the  bean  sections  of  those  states  beans 
are  raised  in  fields  of  5  to  50  acres,  much  as  corn  is  raised-  They  are 
harvested  with  a  bean-puller  that  pulls  two  rows  at  once.    They  are  then 

handled  much  like  hay  or 
grain.  They  are  threshefJ 
with  a  special  bean-threshing 
machine. 

One     of      the      important 
points    in    favor    of    growing 
beans  is  the  way  that   they  fit 
into  the  crop  rotation.  Wheat 
is   nearly   always  -  planted   in 
the  fall  after  the   beans  are 
removed,    without   having   to 
plow    the    land.     This    saves 
about  $5  per  acre  in  the  labor 
required   to   raise   the    wheat 
crop,  and  at  the   same  .time 
the  wheat  gives  a  better  yield 
than  if  raised  in  other  ways. 
One  neighborhood    in     New 
York    raises     beans,     wheat, 
and  alsike  clover    seed  ,in  a 
three-year    rotation.       Beans 
are  raised  again  after  the  clover.     This  gives  three  cash  crops  in  succes- 
sion.   The  bean  and  clover  straw  are  fed  to  sheep.     In  some  sections 
timothy  and  clover  are  sown  with  the  wheat  and  are  left  for  two  or  more 
years  for  the  hay  before  beans  are  again  grown. 

Field  beans  are  not  raised  to  any  extent  south  of  New  York  because 
the  bean  weevil  is  much  worse  in  the  south.  The  weevil  is  the  small 
beetle  that  makes  the  holes  in  beans  and  peas. 

A  serious  bean  disease. —  There  is  one  very  serious  bean  disease,  the 
bean  antliracnose  or  pod  rust.  It  is  a  fungus  disease.  It  grows  on  the 
stems,  leaves,  and  pods.  It  eats  its  way  through  the  pod  to  the  bean  and 
infects  the  seed.  When  this  seed  is  planted,  it  carries  the  disease  with  it. 
The  disease  also  lives  over  winter  on  the  bean  vines  in  the  field. 


Fig.  43. —  Nodules  on  the  roots  of  a  bean 


Digitized  by  VjOOQIC 


Rural  School  Leaflet 


92s 


Digitized  by  VjOOQIC 


9^6  Rural  School  Leaflet 

Damp  weather  favors  the  growth  of  this  fungus  plant  just  as  it  favors 
the  growth  of  corn  plants,  so  that  the  disease  is  worse  in  some  years  than 
in  others.  It  has  been  shown  that  this  disease  may  be  controlled  by  sow- 
ing seeds  from  pods  that  do  not  have  any  traces  of  the  disease.  These 
may  be  planted  in  a  small  patch  to  raise  the  supply  of  seed  for  the  mRin 
field.^ 

SUGGESTIONS  FOR  LESSONS 

One  lesson  might  be  given  on  the  bean  pod,  teaching  the  definition  of 
the  word  legume.  A  drawing  of  the  split  pod  should  be  included.  A 
lesson  might  be  giv^n  on  the  leaves  of  legumes  of  the  neighborhood, 
making  drawings.  One  lesson  should  be  given  on  nodules  of  the  legumes 
of  the  neighborhood.  The  plants  should  be  dug  up  carefully  so  as  to 
prevent  knocking  the  nodules  off.  In  the  bean-growing  sections  a  lesson 
should  be  given  in  selecting  for  seed  beans  pods  that  are  entirely  free 
from  disease. 

THE  BEAN 

Anna  B.  Comstock 

the  bean  seed 

Preliminary  work, —  If  the  pupils  have  gardens  and  have  harvested 
their  crops,  the  beans  for  study  should  be  the  product  of  their  labors, 
for  that  in  itself  will  make  them  objcLCts  of  interest.  Otherwise  the  study 
may  begin  by  asking  the  pupils  to  bring  to  the  school  as  many  kinds  of 
beans  as  possible,  the  keynote  of  interest  being  a  collection  of  all  the  kinds 
of  beans.  After  this  let  the  pupils  each  have  a  specimen  or  two  for  the 
study  of  the  bean  as  a  seed.  It  would  be  well  to  soak  the  beans  in  water 
for  a  day  or  two  before  studying  them. 

Purpose. —  To  give  the  pupils  an  understanding  of  the  nourishment  in 
the  seed  for  the  young  plant. 

Carefully  remove  the  tough  skin  from  the  bean  and  you  will  find  that 
the  color  is  only  skin  deep,  that  the  thick  meat  of  all  the  varieties  is 
whitish  and  firm.  Separate  the  bean  into  halves  just  at  one  side  of  the 
"  eye  *'  which  attaches  it  to  the  pod.  If  the  bean  is  carefully  split  there 
will  be  seen  at  one  end  a  tiny  sprout  or,  in  some  cases,  two  tiny,  folded 
leaves.  These  can  be  seen  with  the  naked  eye,  but  the  folded  leaves  will 
be  more  distinct  if  looked  at  with  a  lens.  The  use  of  this  lesson  should 
be  to  get  the  pupils  interested  in  what  happens  to  all  the  parts  of  the  seed 
when  it  is  planted. 

In  boxes  of  damp  sawdust  plant  a  bean  of  each  of  several  kinds,  label- 
ing each  by  sticking  a  toothpick  bearing  a  tag  inscribed  with  its  name 

>  Sec  Cornell  bulletin  255.  ^^  , 
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close  to  it.  Note  that  some  varieties  will  appear  above  the  ground  much 
sooner  than  others.    Note  that  the  plant  first  appears  as  a  loop  and  then 
pulls  its  leaves  out.     Note  the  different  colors  of  the  two  seed  leaves. 
Note  that  as  the  true  leaves  develop  the  seed  leaves  shrink,  and 'let  the 
pupils  understand  that  these  seed  leaves  are  giving  up  their  meat  to  nour- 
ish the  young  plant.  Note  that  some  of  the  varieties  planted  in  sawdust  or 
sand  will  turn  yellow  and  die  soon,  while  others  will  grow  for  some  time. 
This  shows  that  there  is  more  nourishment  in  the  seed  leaves  of  some  of 
the  beans  than  in  others.    At  the  same  time  that  these  beans  were  planted 
in  sawdust,  some  should  be  planted  in  pots  of  earth  so  that  they  may  grow 
in   the  schoolroom  window  and  the  plant  be  studied.     Some  of  those 
grown  in  the  sawdust  may  be  pulled  up  at  different  stages  to  see  what  is 
happening  to  them. 

BEAN  PLANT 

Preliminary  work. —  This  should  be  a  study  made  in  September  before 
the  beans  are  harvested,  and  should  be  made  in  connection  with  gardening. 

Purpose. —  To  familiarize  the  children  with  the  leaves  and  the  peculiar- 
ities of  growth  of  the  bean  plant. 

Pull  a  plant  up  by  the  roots  and  notice  the  kind  of  root  and  how  far  it 
goes  into  the  soil;  notice  the  stems,  whether  they  are  rough  or  smooth; 
notice  that  the  leaves  are  borne  in  such  a  manner  that  each  leaf  is  exposed 
to  the  sunlight.  An  interesting  fact  to  note  is  that  the  bean  leaf  is  com- 
pound ;  that  is,  it  is  formed  of  three  leaflets.  Note  the  common  petiole  or 
leaf-stem  of  these  leaflets  which  comes  off  from  the  main  stem ;  note  also 
that  each  leaflet  has  a  little  stem  of  its  own  with  stipules.  A  leaf  should 
be  carefully  drawn,  and  if  several  varieties  of  beans  be  studied,  the  differ- 
ences in  their  leaves  should  be  noted.  If  the  bean  is  of  a  climbing  variety, 
note  that  it  twines,,  the  stem  forming  a  spiral  around  the  support.  Note 
whether  the  spiral  is  always  in  the  same  direction. 

THE  BEAN  FLOWER  AND  POD 

Purpose. —  To  acquaint  the  child  with  the  development  of  the  pod  from 
the  flower. 

Compare  the  flower  of  the  bean  with  that  of  the  sweet  pea.  In  studying 
the  unopened  pod,  note  its  upper  and  under  seams,  and  see  whether  they 
are  of  the  same  length.  Open  the  pod  and  note  where  the  seeds  are  at- 
tached. Notice  whether  the  seam  to  which  the  beans  are  attached  opens 
as  easily  as  the  other.  Note  that  the  pod  is  rough  outside,  and  has  a 
smooth,  satiny  lining,  and  that  you  can  separate  the  outer  from  the  inner 
layer.  Let  the  pod  dry  and  then  split  it,  and  note  whether  each  side  curls 
in  a  spiral.  Experiment  to  see  whether  the  beans  are  thrown  out  when 
the  pod  springs  apart.  Digitized  by  GoOglc 
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SOME  COMMON  BEAN  DISEASES 

Purpose, —  To  teach  the  children  how  to  select  seed  beans  which  are 
nealthy. 

Perh*aps  some  of  the  pods  and  the  seeds  within  them  are  spotted  with 
dark  brown  or  black  blotches.  If  so,  this  discoloration  is  anthracnose  or 
pod-spot,  and  may  occur  on  leaves  and  stems  as  well.  It  is  caused  by  a 
fungus  which  lives  on  the  substance  of  the  bean.  Beans  from  spotted 
pods  should  never  be  planted,  for  although  they  may  grow,  they  will 
carry  the  disease  with  them  to  the  next  generation. 

Bean-blight  is  another  very  serious  disease,  which  sometimes  ruins  en- 
tire crops.  It  is  also  a  fungus.  It  does  not  appear  as  a  well-defined  spot, 
but  looks  like  a  spreading  stain  that  appears  blister-like  when  wet.  It  is 
very  infectious  and  all  vines  thus  diseased  should  be  pulled  and  burned. 

Bean-rust  is  another  fungus  which  grows  on  the  leaf,  but  it  is  not  so 
serious  as  the  other  two. 

Early  and  frequent  spraying  with  fungicides  is  the  preventive  of  all 
three.    See  Cornell  bulletins  and  others  on  spraying. 

NOTES  ON   BEANS 

The  bean  was  one  of  the  earliest  food  plants  used  by  man,  and  in  Asi- 
atic and  European  countries  it  is  still  much  more  of  a  food  staple  than  in 
the  United  States.  The  bean  contains  more  nutriment  than  any  other 
seed  used  as  a  food,  not  excepting  wheat  and  corn.  Beans  are  the  main 
dependence  of  the  armies  of  the  world,  as  they  are  the  most  easily  trans- 
ported and  the  most  economical  of  foods.  Michigan  leads  in  the  pro- 
duction of  beans,  putting  about  four  million  bushels  on  the  market 
yearly.     New  York  and  California  are  close  rivals. 

VARIETIES  OF  BEANS 

The  bush  beans  include  all  those  grown  as  field  beans  for  the  purpose 
of  the  harvest  of  dry  shelled  seed.  They  also  include  the  green  podded 
and  yellow  podded  string  or  wax  beans.  These  are  usually  grown  in 
truck  gardens  and  are  very  seldom  for  the  shelled  seed. 

The  broad  bean  (Vicia  faba)  is  the  bean  of  history.  It  is  a  native  of 
southwestern  Asia  and  has  been  used  as  food  for  man  and  beast  for  un- 
told ages.  It  is  a  large,  erect-growing  plant,  bearing  large,  flat,  roundish 
or  angular  seeds.  Its  beans  are  often  ground  into  meal.  This  variety 
needs  a  cool  climate  and  a  long  season,  and  is  not  much  grown  in  the 
United  States. 

In  this  connection,  the  teacher  may  wish  to  ask  the  pupils  to  look  in 
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the  Bible  dictionary  for  the  word  pulse  and  find  to  what  it  refers,  and 
where. 

The  largest  of  the  beans  is  the  lima,  a  native  of  South  America.  It 
must  have  a  rich,  warm  soil,  good  supix)rt,  and  careful  cultivation. 

The  Dutch  runner  has  large  seeds  and  resembles  the  lima  in  growth. 
The  Scarlet  runner,  the  Hyacinth,  and  the  yard-long  kinds  are  all  planted 
in  this  country  for  ornament ;  in  other  countries  they  are  used  as  food. 

The  soybean,  or  soja  bean,  is  a  short,  erect,  bushy,  hairy  plant,  bearing 
in  clusters  small  pods  which  contain  small  pea-like  seeds.  It  is  a  native 
of  China  and  Japan,  where  it  is  much  used  for  food.  In  America  it  is 
used  mainly  as  a  forage  plant,  as  is  also  the  cowpea,  which  is  really  a 
bean. 

For  the  common  planted  varieties  of  beans,  have  the  pupils  study  any 
of  the  standard  seed  catalogues.  It  would  be  well  for  the  teacher  to  give 
a  geography  lesson  on  the  native  lands  of  these  several  varieties. 

References. —  "First  Studies  of  Plant  Life,"  pp.  12-15;  "Plants  and 
their  Children,"  pp.  96-99;  "Cornell  Nature-Study  Leaflets,"  p.  460; 
United  States  Dept.  Agr.  Bulletin  121,  "  Beans,  Peas  and  Other  Legumes 
as  Food." 

PLANT    STUDY 
The  Editor 

STUDY  of  plants  is  filled  with  inspiration.  We  feel  this 
always  as  we  watch  the  development  of  a  plant,  whether 
it  be  on  our  window  sill,  in  the  garden,  struggling  up 
between  the  bricks  in  the  sidewalk,  or  growing  in  a 
woodland  dell. 
The  plants  to  be  studied  this  year  will  give  material  for 
most  interesting  lessons.  Familiarity  with  these  plants 
may  help  boys  and  girls  to  a  first  conscious  interest  in  plant 
Encourage  the  young  folk  to  come  to  know  the  kin- 
>^ships  of  each  plant  and  send  them  on  a  quest  to  find,  if 
*  possible,  wl'v  the  plants  are  kin.  Such  an  exercise  is  real 
and  it  will  be  true  nature-study  teaching. 
With  the  young  children,  mere  recognition  of  the  plant  and  knowledge 
of  its  habitat  will  be  sufficient.  In  the  older  grades,  the  children  should 
be  encouraged  to  keep  note  books,  in  which  at  the  beginning  of  the  term 
they  will  write  the  names  of  the  plants  to  be  studied.  Then  let  the  quest 
be  made  for  each  plant  in  its  season.  The  children  should  be  asked  to 
describe  the  plants  from  observation  and  afterward  to  compare  the  de- 
scription with  the  one  given  in  the  Leaflet. 
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PLANTS  TO  BE  RECOGNIZED  IN  1911-12 

I.  T.  Francis 

The  chickweed. —  This  plant  is  widely  dis- 
tributed    throughout     North     America.      The 
iiiiiuite  white  flowers  peep  up  at  us  from  grass 
pK.^ts   and  dry  rocky  places  as  well   as    from 
daiiip  grounds  everywhere.     When  it  grows  in 
damp  ground  it  is  an  especial  favorite  of 
birds  and  chickens.     The  stems  are  weak 
and  the  leaves  are  ovate,  pointed,  and 
light  green.     The  joints  of  the  stem  are 
slightly  swollen.    The  flowers  have  five 
petals  which  are  cleft  almost  into  two 
parts,  giving  the  impression  of  ten  petals 
to  a  careless  observer.     The  five  larger 
green  sepals  are  longer  than  the  petals. 
The  larger  mouse-eared  chickweed  is  annoying  in  grassy 
places.     Tlie  stttn  is  clammy-hairy.    The  flowers  have  short 
sepals.     The  plant  grows  six  to  fifteen  inches  high. 

The  field  chukweed  is  a  low  species.  The  broad  petals 
are  deeply  cleft,  the  sepals  short,  and  the  leaves  broader  and 
longer.  It  grov\s  four  to  ten  inches  high  in  rather  rocky 
places. 

The  chickweeds  belong  to  the  pink  family,  and  are  rela- 
tives of  the  carnation.  Among  other  plants  in  this  family 
are  bouncing  Ket,  sweet  William,  garden  catchHy,  ragged 
robin,  maiden  pink,  and  corn  cockle, 
Lily. —  In  the  flower  of  the  lily  we  have  the  floral  envelope,  which  con- 
sists of  calyx  and  corolla,  shaped  like  a  bell  or  else  somewhat  funnel- 
form.  There  are  six  distinct  segments  and  six  stamens,  each  of  which 
stands  before  one  of  the  divisions.  The  capsule  is  oblong,  somewhat 
three-angled,  and  contains  flat  seeds  densely  packed  in  two  rows  in 
each  cell.  The  bulbs  are  scaly.  The  leaves  of  the  lily  are  numerous  and 
are  either  alternate  and  scattered  or  arranged  in  a  circle  around  the 
stem  without  a  leaf  stalk. 

The  lilies  with  which  we  are  most  familiar  are :  The  yellow  lily,  whose 
nodding  flowers  are  bell-shaped,  few,  yellow,  often  tinged  with  scarlet 
and  spotted  with  purple  inside,  and  found  in  wet  meadows. 

The  red  lily,  whose  bell-shaped,  one  to  four  flowers  are  erect,  vermilion 
red,  and  spotted  inside.    It  is  found  in  dry  thickets  and  shrubby  pastures. 
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The  white  lily  has  large,  snow-white  flowers  which  are  very  fragrant, 
and  are  smooth  inside.  It  is  found  in  gardens.  It  grows  three  to  four 
feet  high. 

The  tiger  lily  has  flowers  that  are  large  and  are  dark  orange-colored 
spotted    with    brownish    purple.     It    is    found 
in  gardens,  and  may  be  five  to  six  feet  tall. 

The  lilies  belong  to  the  lily  family  and  are  re- 
lated to  the  hyacinth,  tulip,  asparagus,  trillium, 
Solomon's  seal,  dog's-tooth  violet,  onion,  gar- 
lic, and  lily  of  the  valley. 

Buttercup. —  The  common  buttercup  of  fields 
and  meadows,  sometimes  called  the  tall  butter- 
cup has  a  lustrous,  light  golden  yellow  flower. 
The  plant  grows  one  to  two  feet  high.  The 
stem  is  erect,  branching,  and  often  hollow  and 
hairy.  The  leaves  are  generally  hairy  and  are 
deeply  three-parted.  The  flowers  are  nearly 
one  inch  broad  and  have  five  broad,  overlapping 
petals. 

Other  kinds  of  buttercups  are :  ( i )  the  early 
buttercup,  which  is  a  rather  low  plant,  and  has 
deep  yellow  flowers  which  often  have  more 
than  five  petals.  It  is  common  on  the  slopes  of 
wooded  hills  in  spring.  (2)  The  szvamp  but- 
tercup, with  flowers  one  inch  broad  and  deep 
green  leaves  which  are  divided  into  three  leaf- 
lets. (3)  The  creeping  buttercup,  found  along 
roadsides  and  in  waste  places  or  low  ground. 

The  buttercups  are  members  of  the  crowfoot 
family  and  are  related  to  the  thimble  weed, 
anemone,  hepatica,  meadow  ruc^  marsh  mari- 
gold, columbine,  larkspur,  monkshood,  peony, 
and  goldthread. 

Dandelion. —  This  is  a  very  familiar  plant,  with  its  bright  yellow  flowers, 
growing  in  grass  plots  in  city  and  country.  The  many-flowered  heads  are 
sometimes  two  inches  broad  and  are  supported  on  a  pale  green,  hollow 
stem.  The  perfect  flowers  of  the  head  are  found  in  the  center  and  are 
orange-gold  in  color.  On  the  straps  of  the  margin  the  color  is  a  light 
golden  yellow.  The  seeds  are  neutral  brown.  They  are  readily  carried 
by  the  wind  by  means  of  their  "  parachute."  The  deep  green  leaves  are 
irregularly   and   angularly   broad   toothed.      The   jagged    edge   bears   a 


Digitized  by  VjOOQIC 


932  Rural  School  Leaflet 

remote  •resemblance  to  the  row  of  teeth  in  a  lion's  jaw.     We  get  the  name 
dandelion  from  the  French  "  dent-de-lion,"  meaning  teeth  of  lion. 

The  dandelion  belongs  to  the  composite  or  sunflower  family.  Among 
its  relatives  we  find  colt's  foot,  asters,  dahlia,  goldenrod,  yarrow,  ever- 
lasting, ragweed,  thistle,  lettuce,  sunflower,  and  ox-eyed  daisy. 

Tulip. —  The  floral  envelope  of  the  tulip  consists  of  calyx  and  corolla. 
It  is  bell-shaped  and  has  six  segments  which  are  obtuse  and  smooth.  The 
flower  possesses  six  short  stamens.  The  flower  stalk  is  smooth  and  bears 
*DUt  one  flower,  which  is  erect. 

This  plant  blooms  in  the  spring  and  is  gladly  welcomed  in  our  gardens 
because  of  its  variety  of  colors.  It  belongs  to  the  lily  family  and  has  as 
its  near  kin  the  hyacinth,  lily,  asparagus,  trillium,  dog's-tooth  violet, 
onion,  garlic,  lily  of  the  valley,  and  Solomon's  seal. 

Elder. —  The  elder  is  a  common  smooth-stemmed  shrub,  with  a  com- 
pound, deep-green,  smooth  leaf.  Pith  white.  The  tiny  cream-white 
flowers  are  born  in  broad,  flat  clusters,  and  have  five  prominent  white  sta- 
mens; the  odor  is  rather  oppressive.  When  ripe  in  August  the  berries, 
in  broad  clusters,  are  purplish  black.  This  shrub  grows  four  to  ten  feet 
high  in  the  borders  of  fields  and  copses,  and  also  in  low  ground. 

In  rocky  woodland  we  find  the  red-berried  elder.  This  shrub  has  a 
warty,  gray  bark,  while  the  twigs  and  leaves  are  fine  and  slightly  hairy. 
Pith  is  brown.  The  yellowish  white  flowers  are  born  in  sugar-loaf  clus- 
ters.    The  berries  are  bright  red,  or  rarely  white. 

We  may  be  surprised  when  we  learn  for  the  first  time  that  the  elder 
belongs  to  the  honey-suckle  family.  Thus  the  honey-suckles,  Indian  cur- 
rant or  coral-berry,  snow-berry,  tinker's  weed  or  wild  coffee,  wayfaring 
tree,  and*  high  bush  cranberry  are  close  relatives  of  the  elder. 

Squirrel  corn. —  In  the  squirrel  corn  the  flowers  are  flattened  and 
heart-shaped.  The  sepals  number  two.  The  petals  are  four,  in  pairs, 
the  outer  ones  spurred  at  the  base.  They  are  slightly  united.  The  flow- 
ers are  pale  purple  or  greenish  white,  tinged  with  rose,  and  have  short 
rounded  spurs.  There  are  four  to  eight  on  a  stalk.  They  are  very  short 
stemmed  and  slightly  fragrant.  The  plant  has  no  proper  stem ;  the  leaves 
are  very  finely  cut  and  covered  or  whitened  beneath  with  a  bloom. 
This  plant  grows  six  to  twelve  inches  high.  It  is  found  in  rich  woods. 
The  roots  bear  little  tubers  resembling  kernels  of  yellow  com,  hence  the 
common  name,  squirrel  corn. 

The  squirrel  corn  belongs  to  the  Fumitory  family  and  is  related  to 
Dutchman's  breeches,  common  fumitory,  corydalis  pale  and  golden, 
mountain  fringe  and  bleeding  hearts. 

Tomato. —  The  calyx  of  the  tomato  flower  has  five  parts.  The  corolla 
is  wheel-shaped  and  has  a  very  short  tube.    The  stem  and  leaves  arc 
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hairy ;  the  leaves  are  compound  and  are  unequally  cleft ;  the  stem  is  three 
to  five  feet  long.  The  fruit  is  green  at  first,  but  bright  red  or  yellow  and 
juicy  when  mature.     The  tomato  is  cultivated  for  its  edible  fruit. 

It  belongs  to  the  night-shade  family  and  is  related  to  tobacco,  red 
pepper,  potato,  eggplant  and  bittersweet. 

Beet, — ^The  beet  is  cultivated  in  our  gardens  for  its  fleshy  root,  which 
is  used  for  food.  The  leaves  of  the  plant  are  spirally  arranged  and  are 
simple.  The  flowers  are  green  and  inconspicuous,  and  are  in  dense  clus- 
ters which  g^ow  without  stalks  in  the  axils  of  the  leaves.  The  calyx  con- 
sists of  five  sepals.    There  are  five  stamens. 

The  beet  belongs  to  the  goose  foot  family.  In  this  family  are  also 
spinach,  lamb's  quarters,  pigweed,  and  Jerusalem  oak. 

Verbena. —  The  garden  verbena  is  found  in  house  cultivation,  and  also 
in  open  air.  Its  stem  is  weak ;  at  the  base  it  is  prostrate,  but  tends  to  rise 
at  the  summit.  It  is  sticky,  and  hairy,  and  bears  opposite  leaves.  The 
leaves  are  oval,  deeply  cut,  and  toothed.  Its  flowers  are  large,  in  solitary, 
dense-spikes,  on  long  flower  stalks.  The  bracts  are  downy,  nearly  as  long 
as  the  downy  calyx,  and  are  narrow.  The  calyx  is  tubular  and  five- 
toothed.  The  corolla  is  funnel-formed,  red,  white,  or  scarlet,  and  is 
notched  at  the  summit.     The  plant  grows  one  to  two  feet  high. 

The  verbena  belongs  to  the  vervain  family.  Its  near  kinships  are  the 
blue  vervain,  which  has  a  purplish  blue  corolla  and  grows  in  low  ground ; 
the  nettle  leaved  vervain,  with  minute,  white  flowers;  and  the  Hoary 
vervain,  which  has  a  rather  large,  purple  flower  and  is  found  on  barrens 
and  prairies. 


Each  child  should  own  and  care  for  one^lant  during  the  year 
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IDENTIFICATION    OF    ONE    GRASS,    ONE    CLOVER,    AND 

ONE    GRAIN 

Paul  J.  White 

Kentucky    blue-grass. — ^Although    Kentucky    blue- 
grass  is  not  the  most  important  grass  in  our  state,  it  is 
one  of  the  most  common.     It  grows  wherever  the  soil 
is  good,  and  the  land  has  not  been  plowed  for  a  number 
of  years.     Farmers  seldom  sow  this  grass,  yet  it  is 
nearly  always  present   in  old  meadows  and  pastures.    In 
fact,  it  is  the  most  valuable  pasture  grass  that  we  have.    It 
comes  in  naturally  if  a  field  is  left  to  itself;  of  course,  if  it 
is  sown  it  will  appear  much  more  quickly.    It  is  the  grass  most 
used  for  lawns. 

Blue-grass  may  be  distinguished  from  other  grasses  by  the  leaf. 
If  the  end  of  the  leaf  be  examined,  it  will  be  found  to  be  closed; 
that  is,  the  edgeS  of  the  leaf  come  together  at  the  end,  forming 
what  is  known  as  a  keel-shaped  leaf.  The  end  of  the  leaf  resem- 
bles the  keel  of  a  boat.  If  the  end  of  the  blue-grass  leaf  is 
smoothed  out  by  drawing  the  leaf  between  the  thumb  and  finger, 
the  leaf  will  split  and  a  notch  be  formed  at  the  end. 

When  in  blossom,  blue-grass  is  distinct  from  other  grasses  with 
the  exception  of  red-top.  But  as  blue-grass  blossoms  three  or 
four  weeks  before  red-top,  there  is  little  danger  of  confusing  the 
two.  Blue-grass  blossoms  in  June,  while  red-top  does  not  blos- 
som until  July.    Fig.  45  shows  a  good  specimen  of  blue-grass. 

Note. —  Have    the    children    bring    into   the   schoolroom  as 
many  grasses  as  they  can  find,  and  see  whether  they  can  distin- 
PiG^  guish  the  blue-grass  by  the  description  here  gfiven. 

Kentucky  R^d  clover, —  Red  clover  is  one  of  the  most  valuable  plants 
blue-grass  ^q  ^^^  farmer  in  New  York  State.  It  is  valuable  because  it  is 
so  useful  for  making  hay  and  for  pastures.  It  also  greatly  improves  any 
soil  in  which  it  grows.  It  may  be  found  in  almost  any  part  of  the  state, 
yet  it  must  have  fairly  good  soil  in  order  to  grow  well. 

Red  clover  is  so  common  that  it  scarcely  seems  necessary  to  describe 
the  plant.  There  are  two  kinds  grown  in  this  state :  One  is  known  as 
medium  red,  which  is  the  ordinary  kind ;  the  other  is  called  mammoth. 
or  pea  vine  clover.  The  only  difference  between  the  two  is  that  mam- 
moth clover  is  much  larger  than  medium  clover,  and  blossoms  about 
three  weeks  l^r. 
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Red  clover  grows  one  to  two  feet  in  height.  It  blossoms  twice  during 
the  summer  —  first  in  June  and  again  in  August.  The  blossoms  are  red 
and  present  a  very  beautiful  appearance  when  all  the  field  is  in  bloom. 

There  are  several  kinds  of  clover  which  grow 
in  this  state,  all  of  which  are  easy  to  name  when 
in  flower.      It  is  not  easy  to  tell  them  apart 
when  only  the  stems  and  leaves  are  to  be  seen. 
The  leaves  of  red  clover  are  composed  of  three 
small   leaflets.       They  are  hairy  all 
over.     There  is  a  whitish  mark  on 
the  leaflet  which  looks  somewhat  like 
an  arrow  head.      Clover  leaves  which 
have  this  mark  and  are  hairy  are  sure  to 
be  those  of  red  clover. 

Note. — Have  all  the  clovers  that  can  be 
found  in  the  neighborhood  brought  into 
the  schoolroom  and  have  the  children 
learn  to  distinguish  the  red  clover. 

Wheat. — Without   doubt,   wheat  is   the   most 
valuable  grain  plant  in  the  world.     It  is  valu- 
able for  several  reasons.     It  will  grow  in  nearly 
any  part  of  the  world  in  which  man  is  able  to 
live.     It  has  been  grown  for  thousands  of  years 
in  the  hot  climate  of  Egypt  and  it  is  one 
of  the  chief  crops  of  northern  Europe. 
Wheat  is  the  chief  article  of  diet  of  nearly 
all  civilized  nations.     It  can  be  used  in  a 
great  variety  of  ways.     In  our  own  coun- 
try it  is  the  cheapest  foodj  with  the  pos- 
sible exception  of  corn.     With  the  exx:ep- 
tion  of  rye,  wheat  is  the  only  grain  which 
can    be    made    into    light    bread.     When 
yeast  is  added  to  dough  made  of  rye  or 
wheat  flour,  it  rises  by  reason  of  the  gluten 
which  the  flour  contains. 

In  our  state,  wheat  is  usually  planted     ^       Fig.  ^e.-^Red  clover 
in  the  fall.     In  the  northwestern  states, 

however,  it  may  be  sown  in  the  spring.  Not  all  the  seeds  which  are 
planted  mature  grain,  but  those  which  do  mature  generally  produce  about 
«5ix  stalks,  each  of  which  bears  a  head  of  fifteen  to  thirty  kernels. 

Wheat,  barley,  and  rye  look  very  much  alike  when  matured.  Barley 
grains  do  not  shell  out  of  the  hull  when  threshed  as  do  wheat  and  rye. 
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Moreover,  there  are  either  one  or  three  kernels  of  barley  in  each  little 
group  which  forms  a  part  of  the  head.  The  rye  head  is  made  up  of 
groups  of  two  kernels,  while  wheat  may  have  one  to  five  kernels  in 
a  group. 


SOME  COMMON  WEEDS  AND  HOW  TO  CONTROL  THEM 

Paul  J.  White 

Quack-grass. —  This  grass  is  one  of  our  worst  weeds,  especially  in 
good  land.  When  it  once  becomes  established  in  a  field  or  g^arden,  it  is 
an  almost  impossible  task  to  get  rid  of  it.  It  is  common  in  old  meadows, 
in  gardens,  and  in  cultivated  fields. 

Many  of  the  most  serious  weeds  have  the  power  of  increasing  even 
when  they  do  not  ripen  seeds.  Quack-grass  is  one  of  this  class.  It 
spreads  by  means  of  underground  stems  or  rootstocks.  The  rootstocks 
are  near  the  surface.  If  broken  off  by  plow  or  cultivator,  each  piece 
may  form  a  new  plant.  The  drag  or  other  implement  may  carry  these 
pieces  from  place  to  place,  thus  encouraging  the  spread  of  the  weed. 
Quack-grass  is  also  spread  from  farm  to  farm  as  an  impurity  in  other 
grass  seeds,  and  in  hay  which  may  be  mixed  with  quack-grass. 

The  best  method  of  controlling  quack-grass  consists  in  shallow  plowing 
and  thorough  cultivation.  If  the  grass  is  very  common,  it  may  be  pas- 
tured until  July  or  be  cut  for  hay  before  the  seeds  are  ripe.  The  land 
should  then  be  plowed  and  harrowed  at  frequent  intervals  until  freezing 
weather.  All  rootstocks  which  are  brought  to  the  surface  should  be 
gathered  and  burned.  The  following  year  the  field  should  be  planteti 
with  some  crop  which  is  to  be  thoroughly  cultivated.  Cultivation  will 
destroy  the  plants  which  have  escaped  the  plowing  and  dragging. 

Were  it -not  for  its  weedy  character,  quack-grass  would  be  a  valuable 
forage  plant.  It  makes  fair  hay  and  is  relished  by  cattle  when  pastured ; 
but  because  it  so  readily  becomes  a  weed,  it  is  unsafe  to  plant. 

Orange  hawkweed. —  This  is  another  weed  which  has  two  virays  of 
increasing.  Besides  producing  a  large  number  of  seeds  which  fly  about 
like  the  seeds  of  the  dandelion,  it  also  increases  by  runners,  as  does  a 
strawberry  plant.  In  two  or  three  years  a  large  area  may  be  covered  by 
the  spreading  from  a  single  plant. 

Orange  hawkweed  is  common  in  nearly  all  parts  of  the  state.    It  was  • 
first  introduced  from  Europe  as  a  garden  plant  for  door-yards  and  ceme- 
teries.   Often  it  has  first  been  noticed  as  a  weed  in  the  vicinity  of  old 
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cemeteries.  Its  bright  orahge-colored  flowers  make  it  an  attractive  plant 
for  decorative  purposes.  It  has  proved  itself  to  be  more  ornamental  than 
useful. 

Orange  hawkweed  is  the  most  serious  weed  in  old  pastures.  It  is  very 
common  in  sour  land 
which  will  not  pro- 
duce a  hdavy  growth 
cf  grass.  About  the 
only  successful  method 
of  controlling  it  con- 
sists    in    plowing   the 

field  and  reseeding.  The  land  should  be  used  for 
growing  cultivated  crops  for  one  or  two  years. 
If  lime  and  stable  manure  can  be  applied  to  the 

land,    success   in   destroying 

the  weed  will  be  more  sure. 
Chickzveed. — This  trotible- 

some  little  weed  is  a  winter 

annual.     It  comes  up  in  the 

fall    am\    lives    all    winter, 

growing    at    intervals    when 

the  weather  is  warm  enough. 

It  ripens  its  seeds  very  early 

in  the  spring.     It  continues 

to  produce  seeds  all  summer. 
Chick  weed  is  common  in 

cultivated    land.     It    thrives 

in  moist,  rich  soil    that  will 

grow     good     garden   crops. 

After    harvest    in    the    fall, 

the    weed    forms    a    carpet 

over  the  land. 

The  only  way  to  control 

chickweed  is  by  constant  hoeing.    It  spreads  by  seeds 

only,  but  each  plant  which  is  allowed  to  live  produces 

a  large  number  of  plants  during  the  season.     Chick- 
weed  is  often  permitted  to  grow  in  orchards  as  a 

cover-crop  late  in  the  season.     A  dense  growth  of 

this  weed  uses  plant  food  which  otherwise  might  be 
wasted  during  the  winter.  When  plowed  under  next  spring  this  plant 
food  is  added  to  the  soil  and  helps  to  produce  a  fruit  crop.  The  growth 
of  weeds  in  the  orchard  also  prevents  the  soil  from  washing  ayajMduriijg 
the  winter. 


Fig.  47. — Quack-grass, 
showing  roots 


Fig.  48. — Quack-grass 


ashing  away  during 
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Fig,  49,— Pfljni  brush.      The  n^w  plant  at  the  left  4s  pr&duced  after  ihe  mann^  of  a 

young  strawberry  plant 
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I  Dandelion, —  Dandelions  grow  everywhere  —  in  the  lawn,  in  meadows, 

in  fields,  and  in  pastures.    Where  land  is  plowed  or  cultivated  regularly 
they  give  but  little  trouble.    They  are  most  persistent  in  lawns  because 
they  thrive  best  in  rich  land. 
J  The  dandelion  is  classed  with  perennial  plants,  those  which  live  more 

i  than  two  years.  Its  only  way  of  spreading  is  by  means  of  seeds.  Each 
tiny  seed  has  a  small  balloon  attached  at  the  top.  The  wind  blows  the 
ripened  seeds  far  and  wide.  In  dandelion  time,  these  seeds  may  be  seen 
floating  about  in  the  air  in  great  numbers. 


Fig.  50. — Dandelions 

To  destroy  dandelions,  they  must  be  cut  off  with  a  knife  just  belo>y 
the  surface  of  the  ground. 

Besides  their  ornamental  character,  dandelions  are  much  prized  as 
greens.  The  leaves  are  especially  fine  for  this  purpose  if  gathered  in 
spring  before  they  become  tough.  If  the  roots  are  dug  up  in  the  fall,  and 
placed  in  earth  in  the  cellar,  the  leaves  may  be  used  in  early  spring  to 
mix  with  spinach  or  to  use  alone. 

Yellow  daisy. — Another  name  for  this  wild  flower  is  black-eyed  Susan. 
The  blossom  resembles  a  sunflower,  but  is  much  smaller,  about  two  inches 
across.  The  margin  of  the  flower  is  yellow.  It  has  a  dark  brown  or 
black  center.    The  leaves  are  bristly  with  stiff  hairs  on  the  surface. 

The  yellow  daisy  is  a  biennial.  It  is  found  in  meadows  and  along  road- 
sides. It  is  very  ornamental  and  generally  does  not  give  serious  trouble 
in  this  state.     If  prevented  from  maturing  seeds,  it  will  not  increase. 
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NOTES 

The  Editor 

Many  teachers  in  New  York  State  are  interested  in  for- 
estry and  during  the  year  frequently  ask  questions 
regarding  it.  The  following  lessons  on  forest 
trees  will  give  opportunity  to  discuss  forestry  in  the 
schools  in  which  there  is  interest  in  the  subject. 

It  is  important  that  all  teachers  give  the  boys  and 
girls  some  idea  of  the  importance  of  forestry  in  this 
country.  Forest  trees  are  now  a  profitable  farm  crop 
and  this"  should  be  known  in  rural  communities.  The 
fann  wood-lot  should  be  discussed.  Professor  War- 
ren's "  Elements  on  Agriculture  "  gives  some  valuable 
suggestions  for  rural  schools  on  this  subject. 
Js-^^  Special  questions  on   forestry  should  be  ad- 

7<^<^       dressed   to  Professor   Walter  Mulford,  Cornell 
University,  Ithaca,  New  York. 


I 


THE  WHITE  PINE 
Walter  Mulford 


There  are  about  six  hundred  species  of  forest  trees  native  to  the 
United  States.  These  trees  may  be  divided  into  two  general  classes: 
broad-leaved  trees  and  conifers,  the  latter  having  needle-shaped,  scale- 
like, or  linear  leaves.  There  are  less  than  one  hundred  of  the  coniferous 
species,  yet  they  are  much  more  useful  than  the  broad-leaved  or  "hard- 
wood "  trees.  The  wood  of  most  of  the  conifers  is  soft  and  easily 
worked,  and  is  therefore  adapted  to  more  important  uses  than  that  of  the 
hardwoods. 

The  conifers  furnish  a  large  proportion  of  all  the  timber  used  in  the 
United  States,  and  half  a  dozen  species,  growing  in  various  parts  of  the 
country,  furnish  most  of  the  coniferous  timber.-  In  the  northeastern 
quarter  of  the  United  States,  the  white  pine  has  furnished  more  lumber 
than  any  other  tree.  In  fact,  we  owe  a  great  deal  to  this  tree  for  its  aid 
to  man  in  developing  this  part  of  the  country. 

Forest  trees  are  more  useful  to  mankind  when  growing  together  in 
numbers,  than  when  isolated  as  individuals.  Let  us,  therefore,  trace  the 
life  story  of  a  clump  of  pines  rather  than  that  of  a  single  tree. 
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From  what  does  the  grove  of  pines  come?      Our  hardwood  trees 
can  start  either  from  seed  or  by  sprouts  from  the  stump  or  root. 

The  white  pine,  how- 
ever, starts  only  from 
seed.    If  you  will  watch 
the  pine  trees,  you  will 
often  find  them  bear- 
ing cones.  These  cones 
are  not  the  seeds,  any 
more  than  an  apple  is 
a    seed;    but    in    each 
cone,  as  in  each  apple, 
there  are  many  seeds. 
If    you    will   cut  open 
one  of  the  large  cones 
in    the    latter    part    of 
summer,  you  will  find 
two  seeds  under  each 
cone  scale.  Two  years 
are    required    for     the 
cone  to  grow  and  the 
seeds     to     ripen.       In 
September  of  the  sec- 
ond    year,     the     cone 
turns  brown,  the  scales 
begin  to  open,  and  the 
seeds     gradually     fall 
out.     As  each   seed  is 
light  and  has  a  wing, 
it  may  blow  for  a  long 
distance  before  reach- 
ing the  ground.     Seed 
is       scattered      rather 
thickly  for  a  distance 
of  one  to  several  hun- 
dred    feet     from    the 
mother       trees,       and 
sometimes  it  is  blown 
a  mile  or  more. 

Fig.  5 1  .—A  carpet  of  leaves  and  other  litter  helps  the  forest        On^X  ^  small  percent- 

age  of  the  seeds  germi- 
nate when  left  to  nature's  care.  There  are  many  reasons  for 
this.    In  some  sections,  squirrels  cut  large  quantities  of  corns,  frpm  the 
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trees  as  soon  as  the  seeds  are  ripe  and  before  the  scales  have  opened,  and 
store  them  where  they  can  get  them  as  winter  food.  Sometimes  several 
bushels  of  cones  are 
stored  in  one  hoard. 
Even  if  the  seed  es- 
capes the  squirrels,  it 
is  by  no  means  sure  to 
germinate.  Much  of 
it  is  infertile.  Birds 
eat  a  great  deal  of  it. 
The  slightest  fire  will 
destroy  it.  It  may  de- 
cay or  may  die  from 
drought.  The  seeds 
that  escape  these  and 
other  dangers  should 
germinate  the  spring 
after  ripening. 

The  pine  tree  grows 
only  about  two  inches 
the  first  year,  and  its 
roots  enter  the  ground 
but  a  little  way.  It  is 
therefore  easily  in- 
jured and  there  is  a 
high  death  rate  among 
the  first  year  seed- 
lings. Drought,  fire, 
or  disease  may  kill 
them;  birds  and  mice 
destroy  the  seedlings 
as  well  as  the  seeds; 
cattle  may  trample 
them;  they  have  to 
compete  for  water  and 
light  with  grass  and 
weeds,  which  may 
choke  them  out ;  in  the 

winter,  frost  may  force  pj^.  52.-A  carpet  of  grass  harms  the  forest 

them    almost    entirely 

out  of  the  ground,  so  that  they  soon  die.     During  their  second  year  the 
trees  are  still  exposed  to  many  dangers^  and  there  j^jt^lJjliyO'^^^t^^' 
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tality.     At  the  end  of  the  second  year,  the  trees  that  have  survived  will 
be  four  to  six  inches  tall. 

Since  so  few  trees  are  derived  from  a  very  large  number  of  seeds  when 
nature  does  the  sowing,  the  forester  often  resorts  to  sowing  the  seed  in  a 
garden  or  nursery.  By  taking  care  of  the  trees  there  until  they  are  two 
or  three  years  old,  he  secures  a  very  high  percentage  of  trees  from  the 
seeds  used.  If  he  is  to  do  this,  he  gathers  the  cones  after  the  seeds  are 
ripe  and  before  the  scales  have  opened,  keeps  them  in  a  dry  place  until 
the  scales  open,  works  them  over  so  that  the  seed  falls  out,  and  cleans  the 
seed  of  the  dirt  and  wings  (as  by  a  fanning  mill  or  working  the  seed 
through  a  sieve).  The  seed  is  then  hung  in  bags  in  a  cool,  dry  place  and 
sown  in  the  nursery  the  following  spring.  Here  the  seedling's  are 
given  the  best  of  care  for  two  or  three  years,  or  sometimes  longer. 
Finally  they  are  set  out  as  a  forest  plantation. 

As  the  tree  becomes  a  little  older,  it  grows  more  rapidly  in  heigl^^-  I' 
you  will  examine  young  white  pine  trees,  you  will  find  that  there  are  suc- 
cessive circles  (called  whorls)  of  branches.  The  distance  betw^een  two 
successive  whorls  is  one  year's  growth.  As  the  tree  becomes  older,  more 
or  less  of  the  branches  making  up  the  whorls  die  and  drop  off,  so  that 
the  whorls  become  difficult  to  distinguish.  But  when  the  tree  is  young, 
the  whorls  usually  make  it  possible  to  tell  the  approximate  age  and  the 
amount  of  heightgrowth  each  year.  This  cannot  be  done  with  the  broad- 
leaved  trees,  such  as  oak  and  hickory. 

After  a  few  years,  the  tree  may  grow  two  feet,  or  even  three  feet  each 
year  instead  of  two  or  three  inches.  In  its  first  years,  the  dangers  w^hich 
the  little  tree  had  to  meet  were  from  other  kinds  of  plants  and  animals 
and  other  outside  influences.  Soon  after  the  rapid  growth  in  height 
starts,  the  branches  of  neighboring  trees  will  probably  begin  to  inter- 
lock. Now  comes  a  new  and  great  danger  to  the  tree,  that  which  arises 
from  the  fact  that  it  is  contesting  for  the  limited  amount  of  light  with 
others  of  its  own  kind.  If  a  tree  drops  behind  in  the  race,  it  will  prob- 
ably soon  die.  As  a  result  of  the  struggle  among  themselves,  the  number 
of  trees  per  acre  becomes  rapidly  less  and  less  as  the  trees  become  older. 

Although  the  trees  are  now  mutually  harmful,  they  are  also  very  helpful 
to  one  another.  For  example,  they  give  one  another  protection  against 
being  thrown  down  by  the  wind.  The  fact  that  they  are  so  closely 
crowded  causes  the  lower  branches  to  die  because  of  lack  of  light,  and 
this  leaves  the  trunks  more  free  of  branches.  This  is  desirable  because 
each  branch  that  persists  on  the  trunk  shows  as  a  knot  when  the  tree  is 
sawn  into  boards.  The  trees  help  one  another  also  in  keeping  a  good 
layer  of  leaves  and  other  litter  on  the  ground.  This  layer,  which  the 
forester  calls  the  forest  floor,  is  of  great  importance.    It  is  effective  in 

Digitized  by  VjOOQIC 


Rural  School  Leaflet 


945 


keeping  the  soil  mellow.  It  returns  large  quantities  of  plant  food  to  the 
soil  and  is  thereby  an  effective  fertilizer.  It  tends  to  hold  the  rain  and 
snow  water  and  checks  evaporation,  thereby  making  more  water  available 
to  the  trees,  and  the  amount  of  water  in  the  soil  is  one  of  the  greatest 
of  the  factors  which  determine  the  rate  of  growth  of  the  timber. 

The  forest  floor  is  something  of  which  the  forest  has  great  need,  and 
nature,  if  left  to  herself,  generally  keeps  it  in  good  condition.     Let  us  be 
careful  that  we  do  not  destroy  her  good  work.    There  are  at  least  two 
ways  in  which  we  are  likely  thoughtlessly  to  do  this :  one  is  by  fire,  and 
the  other  by  allowing  the  woods 
to  be  too  open ;  i.  e.,  the  trees  to 
stand    too    far    apart.    Even   if 
fire  does  not  kill  any  of  the  trees, 
it  may  cause  injury  by  lessening 
the  rate  of  growth  of  the  timber 
due    to    the    destruction   of   the 
forest  floor.    Let  us  be  as  careful 
about   allowing   fires    to   get   be- 
yond control  in  the  woods  as  in 
our   houses.     If  the   woods   are 
too  open,  the  forest  floor  is  likely 
to     disappear    because    sunlight 
makes  it  decay  rapidly;  and  the 
wind   will   blow   the   leaves   into 
heaps  instead  of  letting  them  re- 
main    evenly     scattered.      This 
often    happens    after    a    severe 
thinning  of  a  woodlot.      In  such 
an  open  wood,  grass  and  weeds 
come    in.      Since    these    use    a 
great  deal  of  moisture,  they  rob  the  trees.    Unless  the  ground  is  more 
valuable  for  pasture  than  for  raising  timber,  grass  is  harmful  in  the 
woodlot. 

When  the  tree  is  cut,  you  can  learn  from  it  how  fast  it  has  grown  at 
different  periods  of  its  life,  and  at  what  times  helpful  or  harmful  influ- 
ences affected  it.  This  is  revealed  by  the  concentric  rings  which  you  will 
find  on  the  stump  or  the  end  of  a  log.  In  our  climate  each  of  these,  with 
occasional  exceptions,  represents  one  year's  growth.  By  studying  the 
annual  rings,  one  can  tell  not  only  the  age  of  the  tree  but  the  growth  in 
diameter  in  any  given  year.  If  there  has  been  a  long  series  of  dry  sum- 
mers or  if  insects  have  injured  the  tree  for  several  years,  it  will  probably 
show  in  narrower  rings.    On  the  other  hand,  if  a  tree  has  been  growing 
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under  the  shade  of  an  older  one  and  the  older  one  dies  or  is  cat,  thus  giv- 
ing the  smaller  one  a  better  opportunity,  you  may  find  the  rings  becoming 
much  wider  soon  after  the  tree  is  released  from  shade.  This  is  very 
noticeable  in  spruce  timber. 

Observations, —  J-.  Gather  some  pine  cones  in  September,  before  the 
Scales  have  opened.  Extract  and  care  for  the  seeds  in  the  manner  already 
described.  In  March  or  April,  sow  the  seeds  thickly  in  a  box  of  sand  or 
light  loam  in  the  schoolhouse,  covering  with  about  one-eighth  inch  of 
soil.  The  seeds  should  germinate  in  about  three  weeks.  Notice  that 
the  first  leaves  of  the  pine  tree  are  very  different  from  those  which  come 
later.  Notice  also  that  the  seed  coats  come  up  above  ground*  When 
these  are  sown  outdoors,  the  seed  coats  attract  the  birds,  which  may  bite 
off  a  great  many  of  the  young  trees. 

2.  After  becoming  familiar  with  the  appearance  of  the  seedling,  go  to 
the  woods  or  fields  and  see  whether  you  can  find  any  young  white  pines 
near  older  trees.  Dig  up  a  pine  seedling  carefully  and  notice  the  char- 
acter of  its  root  system,  as  contrasted  with  the  roots  of  a  small  oak  or 
hickory. 

3.  How  many  seedlings  come  up  on  a  square  rod  or  on  ten  square 
rods?  Can  you  make  any  estimate  as  to  how  many  seeds  nature  sowed 
on  that  area  (i.  e.,  how  many  seeds  per  cone,  how  many  cones  per  tree, 
how  many  trees  per  square  rod)  ?  What  proportion  of  the  seeds  have 
developed  into  trees? 

4.  What  part  of  the  crown  of  the  tree  bears  the  cones?  Does  the  cone 
stay  on  the  tree  after  the  scales  are  open  and  the  seeds  gone?  Can  you 
find  one-vear-old  and  two-year-old  cones  and  empty  cones  all  on  the  same 
tree? 

5.  When  nature  does  the  sowing,  do  the  trees  come  up  equally  thick 
everywhere,  and  in  rows?  Which  looks  better,  to  have  the  trees  in  the 
forest  in  rows  or  scattered  irregularly? 

6.  A  pine  tree  holds  its  leaves  (needles)  all  through  the  year.  Are 
the  same  leaves  kept  throughout  the  life  of  the  tree?  If  not,  can  you  tell 
how  many  years  a  pine  leaf  lives  ? 

7.  Do  the  branches  drop  off  as  soon  as  they  are  dead?  Would  it  be 
easy  to  knock  the  dead  branches  from  the  lower  part  of  the  trunk  with,  a 
long  pole  so  as  to  secure  one  log  which  would  be  free  from  knots?  *i 

8.  Count  the  number  of  whorls  of  branches  and  measure  the  distance 
between  each  two  whorls  on  a  young  pine.     Make  a  diagram  drawn  to 
scale  to  show  how  fast  the  tree  grew  each  year.    This  is  conveniently  « 
done  by  drawing  a  line  to  represent  the  total  height  of  the  tree  and  put- 
ting short  cross  marks  at  the  proper  intervals  to  represent  the  jxisition  of  . 
each  whorl    For  example,  if  a  tree  is  now  ten  years  old  and  six.  feet  high, 
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Si  line  six  inches  long  could  be  drawn,  each  inch  representing  a  foot.  If 
the  growth  of  the  last  season  were  eighteen  inches,  it  would  be  repre- 
sented by  the  last  one  and  one-half  inches  of  the  line,  and  this  space  could 
be  labeled  "  191 1,  tenth  year." 

9.  How  many  branches  are  there  in  a  whorl?  Notice  that  there  is  4 
leader  or  main  stem  growing  from  the  center  of  the  last  whorl.  If  this 
dies,  one  or  more  of  the  branches  in  the  whorl  will  become  leaders ;  if  two 
or  more  of  them  develop  into  leaders,  a  fork  in  the  tree  is  formed. 

ID.  How  many  trees  of  a  given  size  are  growing  on  one  square  rod,  or 
on  ten  square  rods? 

II.  Determine  the  age  of  a  tree  or  log  by  the  annual  rings.  Have 
there  been  any  noticeable  changes  in  the  rate  of  growth  in  diameter  at 
different  times  in  the  life  of  the  tree? 


RECOGNITION  OF  TREES  IN  1911-12 

Walter  Mulford 

The  following  characteristics  should  be 
helpful  in  recognizing  the  trees  that  are  to  be 
studied  this  year. 

Pine, —  The  pines  are  easily  distinguished 
from  all  other  trees  by  the  fact  that  their 
leaves  are  needle-shaped  and  occur  in  clusters 
of  two  to  five,  enclosed  at  their  base  in  a 
common  sheath  (except  one  species  of  pine 
which  grows  only  in  the  southwestern  part 
of  the  United  States).  The  only  other  trees 
having  needle-shaped  leaves  gathered  in  clus- 
ters are  the  larches  or  tamaracks,  which  have 
more  than  ten  needles  in  each  cluster. 

Hemlock. —  The    hemlocks,     spruces,    and 

Fig.  54^--White  pine         g^s  (balsams)  have  linear  leaves ;  i.  e.,  with 

their  sides  parallel   and  the  length  several    times    greater    than    the 

breadth.      The  cones  of  the  firs  are  erect,  while  those  of  the  hem- 

.16cks  and  spruces  hang  down.    The  leaf  of  the  hemlock  has  a  very 

*  small  stalk  attaching  it  to  the  twig,  while  the  spruce  leaf  has  no  such 

stalk.    The  leaves  of  the  spruce  stand  out  from  all  sides  of  the  twig,  while 

those  of  the  hemlock  appear  to  be  mostly  in  one  plane,  giving  the  twig  a 

more  flat  appearance  than  that  of  the  spruces. 

Hickory,  ash,  and  locust. —  All  of  these  trees  have  compound  leaves, 
which  means  that  each  leaf  is  made  up  of  a  number  of  leaflets. 
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Fig,  55,— Hemlock 


Pig.  s^.— -Locust 


In  the  ash  the  leaves  and  twigs 

are  opposite  each  other  in  pairs. 

All  of  the  branches  are  opposite 

in    the    beginning,     but    as    the 

branches  become  older  one  of  a  pair  may 

die  and   drop  oflF.     The  characteristic  of 

opposite  twigs  is  helpful  in  recognizing  the 

ash  in  either  winter  or  summer  (see  maple). 

In  the  hickory  and  the  locust  the  leaves  and 
the  twigs  are  not  opposite.  The  edges  of  the 
leaflets  are  toothed  in  the  hickory  and  smooth  in 
the  locust.  The  spines  form  another  familiar 
characteristic  of  the  locust 

The  fruits  of  all  three  of  these  trees  are  ven* 
distinctive  (see  Figs.  56,  57,  58). 

Maple. —  The  fruit  and  leaf  of  the  maple  (sec 
Fi&-  59)  2ire  unlike  those  of  any  other  tree 
and  should  make  its  identification  easy.  Like 
the  ash,  the  maple  has  opposite  leaves  and  twigs. 
It  and  the  ash  are  the  only  large  trees  with  oppo- 
site twigs  which  occur  in  our  woods  in  abund- 
ance. The  ash  has  a  coarser  appearance  than 
the  maple  when  seen  in  winter;  that  is,  its  twigs 
are  thicker  and  not  so  numerous. 

Basswood. —  Three  characters  which  are  help- 
ful in  distinguishing  the  basswood  are  the 
obliquely  heart-shaped  leaves  (i.  e.,  the  two 
sides  of  the  leaf  are  not  equally  long) ;  the 
fruit,  which  is  about  the  size  of  a  pea  and  is 
very  hard;  and  the  smooth,  dark  red  winter 
buds. 

Cucumber-tree. —  The  cucumber-tree  is  one 
of  the  magnolias,  of  which  there  are  severa/ 


Fig.  ^T.—Ash 


Fig.  ^^.--Hickwry 
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species  farther  south.  Both  leaves  and  fruit  are  very  distinctive.  The 
leaves  are  very  large,  being  seven  to  ten  inches  long  and  four  to  six 
inches  wide.  The  fruit  when  green  somewhat  resembles  a  cucumber. 
Late  in  the  summer,  when  full  grown,  it  is  about  three  inches  long  and 
dark  red  in  color. 


m 

Fig.  59. — Maple 


Fig.  60. — Basswood 


Fig.  61. — Cucumber-tree 


Dec.  II,  1856.  Minott  tells  me  that  his  and  his  sister's  wood-lot 
together  contains  about  ten  acres  and  has,  with  a  very  slight  exception 
at  one  time,  supplied  all  their  fuel  for  thirty  years,  and  he  thinks  would 
constantly  continue  to  do  so.  They  keep  one  fife  all  the  time,  and  two 
some  of  the  time,  and  burn  about  eight  cords  in  a  year.  He  knows  his 
wood-lot  and  what  grows  in  it  as  well  as  an  ordinary  farmer  does  his 
corn-field,  for  he  has  cut  his  own  wood  till  within  two  or  three  years; 
knows  the  history  of  every  stump  on  it  and  the  age  of  every  sapKng; 
knows  how  many  beech  trees  and  black  birches  there  are  there,  as 
another  knows  his  pear  or  cherry  trees.     Thoreau,  Journal 
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AN  APPLE  TREE 
The  Editor 


*WlpKt  fiUttit  tof  in  HftB  a|i|tlf'-trff  ? 

f^lfali  lnt0tl|fsi  into  Uafg  Bpngin 

Sims^  mlittt  iift  llpmalr*  mttlf  rrimamt  bxtwgt, 

f^ffali  Iputttt  anH  jrtn^  anil  f^  ifn  nt^t; 

Wh  plant  upon  tift  nmng  Ua, 
A  jBlinliiimt  lor  tift  tuum^ht  l|onr, 
A  Biftittr  from  tl|»  oununrr  ol|osirr» 

Wi(fu  mr  iilant  lift  «<i|ilf-trff."— I^iWiam  CuUen  Bryant 


^^6 


^^^  ^^^Hn^^^^^'^  ^"^  €^^^^  ^'^  ^  rural  school,  autumn 

weather,  a  successful  fruit-grower  of 
the  community,  and  a  real  live  teacher: 
then  we  have  opportunity  to  open  young 
minds  to  the  wonders  of  an  apple  tree. 
But  even  if  these  possibilities  are  not  ar 
hand,  the  teacher  should  make  use  of  what 
she  has  and  give  the  children  a  real  touch 
with  a  country  life  subject  that  is  full  of  interest  and  that  has  direct 
relation  to  their  lives. 

This  subject  may  well  be  introduced  in  autumn  either  in  city  or  country 
by  having  an  apple  exhibit.  The  exhibit  may  be  very  simple  but  should 
include  all  the  kinds  of  apples  that  can  be  found  in  the  neighborhood.  It 
will  furnish  material  for  language  lessons  on  color,  form,  and  the  like. 
A  farmer  in  the  community  who  has  knowledge  of  apple  culture  will 
probably  be  willing  to  give  a  talk  on  the  subject  in  the  schoolroom ;  and 
this  will  be  one  of  the  best  features  of  the  study.  The  home  and  school 
having  mutual  interests  will  strengthen  all  education,  particularly  rural 
education. 

The  following  letter,  if  read  to  the  boys  and  girls,  may  encourage  them 
to  be  more  interested  in  the  study  of  an  apple  tree : 

Dear  Boys  amd  Girls: 

We  at  Cornell  University  are  wondering  how  many  young  persons  in 
New  York  State  have  ever  seen  an  apple  tree.  Probably  you  have  looked 
at  one,  but  not  every  person  sees  what  he  looks  at.  I  know  a  naturalist 
who  can  stand  beside  an  apple  tree  and  read  much  of  its  life  history  in  a 
way  that  makes  it  as  interesting  as  the  story  of  a  human  life.  He  knows 
some  of  its  struggles  and  its  failures ;  he  knows  some  of  its  successes. 
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There  is  not  a  boy  or  girl  in  city  or  country  who  would  want  to  get 
along  without  apples.  What  would  we  do  through  the  long  winter  even- 
ings when  we  sit  before  the  fireplace,  if  there  were  not  a  good  Northern 
Spy,  or  Spitzenburg,  or  King,  or  Greening  at  hand  ?  We  like  to  go  down 
into  the  cellar  and  get  them.  How  we  enjoy  eating  them  the  while  we 
read  a  good  bookl 

It  is  good  to  think  of  an  apple  orchard  in  the  autumn  days  and  to 
take  the  apples  off  the  trees  ourselves,  with  the  stems  on  them  and 
sometimes  a  leaf  or  two.  We  like  the  color  of  the  apples ;  we  like  the 
odor ;  we  like  the  taste.  It  is  a  pleasure  to  think  that  they  have  grown 
on  our  own  farm  lands  and  that  whenever  we  want  to  we  can  probably 
find  a  place  in  which  to  plant  an  apple  tree  for  others  to  enjoy. 

Sometime  this  year  we  should  like  to  have  an  apple  tree  planted  in 
the  vicinity  of  every  country  school  in  this  state ;  a  tree  planted  by  boys 
and  girls  and  grafted  or  budded  by  them ;  a  tree  that  will  have  an  interest 
for  them  all  the  coming  years.  You  will  get  enjoyment  from  doing  this 
yourself.  You  will  probably  enjoy  some  of  the  apples  that  grow  on  it. 
You  will  like  the  shade  many  a  day  when  you  go  back  to  visit  the  old 
school.  In  future  years,  other  persons  will  enjoy  the  apples  and  will 
sit  beneath  the  shade  of  the  tree.  Perhaps  little  children  will  have  a 
swing  from  one  of  the  limbs  of  the  tree  you  planted. 

Ohio  has  become  famous  as  a  fruit-growing  state,  and  it  has  been 
said  this  may  be  due  to  the  fact  that  years  ago  seeds  were  planted 
by  an  old  man  who  was  called  "  Appleseed  John,"  or  frequently  simply 
"  Johnny  Appleseed."  This  man  went  through  the  country  planting  ap- 
ple seeds.  He  went  far  and  worked  hard,  not  for  himself  but  for  the 
people  who  would  live  after  him.  This  was  Appleseed  John's  way  of 
making  his  path  through  the  world  count  for  others.  Many  boys  and 
girls  in  the  State  of  Ohio  recall  the  story  of  Appleseed  John  as  they 
fill  their  caps  and  aprons  with  apples ;  and  I  dare  say  that  some  of  them, 
instead  of  throwing  away  the  cores,  will  plant  them  as  did  the  dear  old 

man  in  the  days  gone  by.  c-         1 

^    ^  ^  Sincerely  yours, 

Ws^t  rlrUWm  of  tfraS  Utetaitt  Iiatf 
WofOA  to  aimtt  a^rii  man  aliaU  wb%% 
Atili,  QaftttQ  ml  tta  vaassQ  BUm, 
QH^  9nitf-l|afrril  mmt  Blpdl  animttr  t^ratt 

*  A  ifott  nf  t^r  Uutd  wba  Iff. 
Sunt  in  ti|»  ntbr  fnit  Qiuik  nib  tintt b  ; 

"(Htfl  BHib  \^  tttaUr  aontf  i|nafnt  0U1  rinimt b.  -  j 

mvi  )iUintin0  tl|t  «Wilf-trff / -— TFtV/tam  Cidlen  BryanlfQ  QIC 
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LESSONS  ON  THE  APPLE 

I.   PRACTICAL  SUGGESTIONS 

C.  S.  Wilson 

|E  slioulti  like  to  have  as  many  boys  and  girls  as  pos- 
sible  take  an  active  interest  in  improving  the 
fruit  in  New  York  State.  The  following  lessons 
may  awaken  interest  if  some  concrete  work  is 
done. 

Purpose. — ^To  teach  pupils  the  varieties  of 
apples  grown  in  their  section  and  to 
suggest  other  varieties  well  adapted 
to  similar  conditions. 

How  to  study  the  ZHxHeiirs. —  If 
possible,  have  a  "  Fruit  Day "  in 
the  fall.  It  should  be  advertised  in  advance  and  the  children  asked 
to  bring  different  varieties  of  as  many  fruits  as  they  can,  so  that  an 
exhibit  can  be  placed  in  the  schoolroom.  Tables  may  be  used  for  this 
purpose  and  the  fruit  placed  on  paper  plates.  In  arranging  this  exhibit, 
the  different  classes  of  fruits  may  be  placed  together  and  the  varieties 
of  each  neatly  and  correctly  labeled.  Small  prizes  may  be  oflFered  and 
the  children  encouraged  to  compete  for  them.  The  teacher  might  ask 
a  successful  fruit-grower  to  come  to  the  school  at  the  time  of  the 
exhibit  and  name  the  varieties.  He  might  also  act  as  judge  of  the 
fruit  contest 

Ho7U  to  choose  fruit. —  The  first-class  fruit  for  exhibition  purposes 
should  be  a  large  specimen  of  the  variety,  r^^lar  in  size,  and  having 
the  shape  and  color  typical  of  that  variety.  Five  specimens  of  each 
variety  constitute  a  plate,  and  these  five  specimens  should  be  as  nearly 
the  same  size  and  color  as  possible.  One  extra  and  overgrown  specimen 
would  not  be  desirable. 

All  specimens  should  be  free  from  bruises  and  insects.  No  wormy 
fruit  should  be  placed  on  the  plate.  Each  specimen  should  have  a  full 
length  stem. 

How  to  collect. —  Collect  large  specimens  of  even  size  and  color.  Sdect 
them  carefully,  avoiding  all  bruises  and  breaking  of  stems.  Have  six 
specimens  of  each  variet}',  so  that  if  one  should  be  bruised  or  should 
be  found  to  have  a  blemish  it  could  be  removed  and  five  specimens  be 
preserved. 

How  to  arrange  on  plate  and  on  table. —  Place  four  specimens  on  the 
bottom  of  the  plate,  with  stem  ends  up.    Place  the  fifth  specimen  in  the 
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center  on  top  of  these  four.  Arrange  the  label  on  the  side  where  it  can 
be  plainly  seen  and  yet  where  it  will  not  be  conspicuous  when  looking 
over  the  fruit.  Arrange  the  plates  on  the  table,  leaving  an  inch  or  so 
between  each  two  plates,  if  there  is  sufficient  room.  It  is  well  to  place 
the  plates  in  rows  and  then  to  bring  in  different  color  effects.  Make 
various  figures  with  the  green  fruit  and  the  red  fruit. 

Varieties. —  i.  From  the  varieties  brought  by  the  children,  choose  those 
that  are  most  common.  If  the  choice  has  been  made  from  several  fruit 
farms  in  the  neighborhood,  probably  these  common  varieties  will  repre- 


PiG.  62. — A  fruit  exhibit 

sent  the  apples  that  are  grown  most  extensively  there.  These  will  be  the 
apples  best  adapted  to  the  section,  and  will,  therefore,  be  worth  growing 
for  commercial  purposes. 

2.  Compare  the  varieties  in  the  exhibit  with  the  standard  varieties 
grown  in  the  commercial  orchards  of  this  state.  A  short  list  of  the 
common  varieties  is  as  follows: 

Baldwin  Greening 

Northern  Spy  King 

Spitzenburg  Hubbardson 

Fameuse  (Snow  apple)  Russet 

Are  the  varieties  grown  in  your  section  the  same  as  these?  If  not, 
encourage  the  children  to  try  some  of  the  new  varieties.  ^  , 
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3.  Ask  the  children  to  tell  the  conditions  under  which  the  varieties 
of  apples  in  their  section  were  grown  and  compare  the  size,  color,  and 
appearance  of  the  fruit  grown  under  good  conditions  with  that  grown 
under  poor  conditions.  This  will  teach  the  lesson  that  the  best  fruits 
are  grown  in  the  orchards  that  are  thorougtily  cultivated,  fertilized. 
pruned,  and  sprayed.  It  will  also  teach  that  unless  these  operations  are 
conducted  on  the  fruit  farm  the  apples  will  not  be  first-class. 

Ask  the  children  to  compare  the  various  specimens  of  the  same 
variety  —  for  example,  the  Baldwins  grown  on  the  home  farm  of  one  of 
the  children  with  those  grown  on  another  farm  in  a  different  part  of  the 
neighborhood.  This  will  bring  out  the  lesson  that  there  is  variation  in 
the  same  variety.  This  variation  may  be  due  to  cultural  methods,  or  it 
may  be  due  to  the  inheritance  or  the  pedigree  of  the  stock.  A  difference 
in  the  inheritance  or  pedigree  of  the  stock  will  teach  that  buds  or  scions 
from  which  commercial  orchards  are  started  should  be  chosen  from 
trees  which  not  only  bear  well  but  which  bear  the  best  fruit  of  that 
variety.  Most  commercial  orchards  at  the  present  time  are  being  set 
with  good,  strong,  healthy  trees  from  the  nursery  row,  and  then  top- 
worked  to  the  desired  varieties  with  properly  chosen  scions. 

How  to  Plant  an  Apple  Tree. —  The  apple  tree  is  bought  from  the 
nurseryman  in  the  fall  or  spring.  It  should  be  two  years  old,  and  the 
variety  Northern  Spy.  The  tree  is  planted  in  the  spring  as  soon  as  the 
ground  can  be  worked.  Dig  a  round  hole  large  enough  to  receive  the 
roots  of  the  tree,  and  deep  enough  to  plant  the  tree  three  or  four  inches 
deeper  than  it  was  in  the  nursery  row.  This  will  cover  the  bud  and 
crook  near  the  base.  When  the  hole  is  dug,  throw  back  into  the  bottom 
a  few  shovelfuls  of  the  good  surface  dirt;  thcti  place  the  tree  in  the  hole. 
Let  one  pupil  hold  the  tree  straight,  while  others  throw  in  the  soil,  at  the 
same  time  working  it  between  the  roots  with  the  fingers.  Step  on  the 
soil  and  tramp  it  down  firmly.  Fill  the  hole  up  level  with  the  surround- 
ing surface. 

Pruning. —  After  the  tree  is  set,  it  should  be  pruned.  Choose  three 
or  four  side  branches,  about  three  feet  high,  for  the  main  branches.  Cut 
these  down  to  within  six  or  eight  inches  of  the  main  stem.  Cut  off  all 
other  branches  close  to  the  stem,  and  finally  cut  back  the  top  of  the  stem. 

The  tree  will  start  in  the  spring  and  grow  during  the  summer.  In 
August  it  should  be  budded  to  the  variety  desired.  Good  eating  varieties 
for  New  York  State  are  Mcintosh  Red,  Canada  Red,  Spitzenburg,  King, 
Jonathan,  and  Northern  Spy. 
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II.   A   LESSON    IN    BUDDING 

C.  S.  Wilson 

Budding  is  such  an  interesting  and  important  farm  operation  that 
every  boy  and  girl  should  know  how  to  do  it.  It  is  so  simple,  too,  that 
one  can  learn  it  in  a  few  minutes.  Think  of  changing  the  little  apple 
trees  in  the  orchard,  or  those  that  come  up  in  the  fence 
row,  to  any  variety  of  apple  you  wish!  And  this  is 
exactly  what  budding  is  for.  It  is  to  change  the  vari- 
ety of  a  fruit,  and  this  change  can  be  made  on  branches 
as  small  as  a  lead  pencil  or  as  large  as  the  thumb. 

The  nurseryman  buds  the  little  trees  in  the  nursery 
row  about  two  or  three  inches  above  the  surface  of 
the  ground,  inserting  a  single  bud  in  each  tree.     The 
fruit-grower  top  buds  the  trees  he  has  set  in  the 
orchard  the  spring  before,   inserting  two  or  three 
buds  in  the  main  stem  of  each  tree  about  three  feet 
from  the  ground.     This  is  what  you  will  do  if  you 
have  planted  a  Northern  Spy  tree  in  the  spring. 
Fig.  63  pi^j^  ^Q  l3y  J  ^j^g  ^ree  in  August.     At  this  time  the 

bark  peels  readily.  It  would  peel  in  the  spring  also,  but  then  the  flow  of 
sap  is  so  great  that  the  little  bud  would  be  drowned  or  forced  out  of  the 
bark.  Later  in  the  fall  than  August  the  bark  becomes  so  dry  that  it  will 
not  peel.  • 

To  prepare  the  tree  or  stock, —  Choose  the  place  for  the 
bud.  Make  a  horizontal  cut  across  the  stem  just  through 
the  bark.  This  cut  should  be  made  with  a  rolling  motion 
of  the  knife,  and  should  be  crescent-shaped.  Then,  begin- 
ning in  the  middle  of  this  crescent-shaped  cut,  draw  the 
knife  straight  down,  making  a  vertical  cut.  Fig.  64.  To 
loosen  the  bark,  twist  the  knife  sidewise  before  drawing  it 
out.     The  stock  is  now  ready  for  the  bud. 

The  ''  bud  stick." —  Take  the  buds  from  bearing  trees 
of  the  variety  you  wish.  From  the  ends  of  the  branches 
cut  twigs  which  have  grown  this  spring.  These  are  called 
"  bud  sticks."  The  leaves  are  still  on  them.  At  the  base 
of  each  leaf  and  between  the  leaf  and  the  branch  you  will 
find  a  little  bud.  This  is  the  bud  you  wish  to  insert  into 
the  tree,  which  has  been  prepared  as  above. 

To  cut  the  bud. —  Cut  the  leaves  off  the  bud  stick  about  a  quarter  of 
an  inch  above  the  bud,  thus  leaving  the  base  of  the  leaf  stalk  as  a  handle 
for  the  bud.    Also  cut  off  the  upper  part  of  the  bud  stick  ^^?i?5(J^^ 


Fig.  64 
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buds  from  the  end.  These  end  buds  are  soft  and  immature,  and  should 
not  be  used.  Cut  each  bud  as  you  use  it.  Beginning  with  a  sharp  knife 
below  the  bud,  cut  upwards  just  through  the  bark  beneath 
the  bud  and  above  it  about  half  an  inch.  Be  sure  to  cut 
through  the  bark,  but  be  careful  not  to  get  much  wcx>d  be- 
neath the  bud.  The  illustration  (Fig.  63)  shows  how  to 
cut  the  leaves  from  the  bud  stick,  and  also  how  to  cut 
the  bud. 

Inserting  the  bud, —  Push  the  bud  down  into  the  incision 
made  in  the  stock,  using  the  leaf  stalk  as  a  handle.  Be 
sure  that  the  entire  bud  is  shoved  into  the  incision.  If  a 
portion  of  the  bark  should  project  above,  cut  it  off, 
Fig.  65. 

F1G.65.— a.Btti  Tying,— The  bud  is  now  ready  for  tying.  Raffia  is  the 
best  material  to  tie  with,  but  if  that  is  not  available  use  ordinary  string. 
Wrap  the  wound  entirely  except  where  the  bud  is.  Begin 
below  the  bud  to  wind  the  raffia.  Wrap  it  carefully  and 
snugly  up  to  the  bud,  around  the  sides  and  above  the  bud 
beyond  the  top  of  the  wound.  Then  tie  securely.  Fig.  66. 
Later  treatment, —  Leave  the  raffia  or  string  about  two 
or  three  weeks,  when  the  bud  will  have  "  stuck."  Then 
remove  the  raffia.  It  is  the  common  practice  to  draw  a 
sharp  knife  over  the  strings  on  the  side  opposite  the  bud, 
completely  severing  them  and  allowing  them  to  fall  off  as 
they  will.  The  bud  will  remain  dormant  during  the  winter, 
and  will  begin  to  grow  in  the  spring.  After  the  buds  have  grown  one 
year,  choose  the  strongest  branch  and  cut  off  all  the  others.  From  this 
branch  allow  the  main  branches  of  the  tree  to  grow. 


Fig.  66 


III.   BUDDING  AND  GRAFTING 

R.  D.  Anthony 

A  variety  of  apple  does  not  come  true  from  the  seed  in  the  way  that 
King  Philip  corn  does,  and  we  cannot  grow  our  Baldwin  apple  trees  as  we 
would  our  corn.  To  secure  a  Baldwin  tree  we  do  not  plant  Baldwin 
apple  seeds,  but  must  take  a  bud  or  a  part  of  a  branch  from  a  Baldwin 
tree  and  put  it  in  another  tree  in  such  a  manner  that  it  will  grow.  This 
operation  is  known  as  grafting.  The  branch  which  we  take  is  called  the 
scion,  and  the  tree  in  which  we  i)lace  the  scion  is  called  the  stock.  WTien 
only  a  single  bud  is  used,  the  operation  is  usually  spoken  of  as  "  budding." 
When  the  scion  contains  more  than  a  bud,  one  of  two  methods  of  graft- 
ing is  usually  employed, —  either  "  whip  grafting  "  or  "  clGf^  grafting." 

Digitized  by  VjOOQ^IC 


Rural  School  Leaflet  957 

Some  fruit-growers  believe  that  by  taking  scions  from  a  tree  which 
has  proved  to  be  unusually  productive  they  will  secure  trees  which,  in 
turn,  will  be  large  producers.  For  this  reason  they  buy  from  the  nursery- 
men trees  which  are  vigorous  and  make  good  trunks,  as  the  Northern 
Spy,  and  graft  into  them  scions  from  a  well-known  tree  of  the  desired 
variety.  Or  an  old  tree  of  an  undesirable  variety  may  be  grafted  over 
to  a  better  one.    Either  operation  is  spoken  of  as  "  top-working." 

The  principle  involved, —  The  growing  part  of  a  branch  is  the  cam- 
bium tissue,  which  is  the  layer  between  the  bark  and  the  hard  wood. 
When  the  bark  peels  from  the  wood  in  the  spring  and  early  summer,  it 
is  at  the  cambium  tissue  that  separation  takes  place.  In  order  that  the 
scion  may  unite  with  the  stock,  the  cambium,  or  growing  part,  of  the  one 
must  be  placed  in  contact  with  the  cambium  of  the  other.  The 
different  methods  of  grafting  are 
merely  different  ways  of  securing  this 
result. 

Budding. —  The  nurseryman  usually 
secures  his  desired  varieties  by  placing 
buds  of  those  varieties  into  one-year- 
old  seedling  stocks.     The  fruit-grower 

may    use   budding   to   top- work   trees  m^  ^^      r   w      l-  f 

. ,     .  ^       ,  ,  ,     ,  Fig.  67. —  Grafting  chisel 

that    are   one  to   three   years   old,  by  1  j     a 

placing  the  buds  either  in  the  trunk  or  in  the  branches.  A  description 
of  the  operations  in  budding  will  be  found  on  page  in. 

IVhip  grafting,—  Frequently  in  the  West,  and  occasionally  in  the  East, 
the  nurseryman  secures  his  apple  varieties  by  whip  grafting  the  scion  on  a 
piece  of  apple  seedling  root  about  three  to  six  inches  long.  The  grafting 
is  done  in  the  winter  or  early  spring.  A  branch  which  grew  the  previous 
year  is  chosen  for  the  scion,  and  the  lower  and  the  upper  parts,  which  have 
poorly  formed  buds,  are  discarded.  The  lower  end  of  the  part  remaining 
is  cut  off  with  a  smooth  diagonal  cut  at  such  an  angle  that  the  cut  is 
three-quarters  to  one  inch  long.  The  knife  blade  is  then  placed  squarely 
across  the  cut  surface  a  little  above  the  center,  and  a  thin  tongue,  about 
half  an  inch  long,  is  raised  up  by  rocking  the  knife  slowly  into  the  wood. 
The  scion  is  then  cut  off  so  that  it  contains  three  buds,  the  cut  being 
made  just  above  the  third  bud. 

The  top  of  the  stock  is  prepared  in  the  same  way  as  the  base  of  the 
gtion.  The  two  are  then  placed  together  so  that  the  tongue  of  one  fits 
into  the  cut  of  the  other.  If  the  two  are  of  the  same  size,  the  cambium 
layers  can  be  placed  together  on  both  sides  of  the  tongues ;  but  if  one 
is  smaller  than  the  other,  the  cambium  layers  are  placed  together  on 
one  side  only.    The  graft  is  then  wound  with  waxed  darning  cotton. 
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The  fruit-grower  may  use  whip  graf tingf  to  top-work  a  two-year-old  or 
three-year-old  tree  when  the  branches  are  not  too  large  to  be  cut  easily- 
In  such  a  case,  the  work  is  done  just  before  growth  starts  in  the  spring. 
Cleft  grafting, — ^When  a  tree  is  five  or  six  years  old  and  comes  into 
bearing,  the  grower  sometimes  finds  that  the  variety  is  not  what  he  wants 
and  he  wishes  to  top-work  the  tree  to  the  desired  variety.  The  tree  is  too 
large  for  whip  grafting  and  so  cleft  grafting  is  used.  In  the  early  spring 
before  the  buds  start,  a  branch  is  sawed  off,  care  being  taken  that  tht 
bark  is  not  ripped  down  when  the  branch  breaks  over.  The  stub  is  then 
.  T  I  split  down  two  or  three  inches  through  the 

I  I  center  with  a  grafting  chisel  or  heavy  knife. 

^  ^      A  one-year-old  branch  is  used  for  the  scion 

and  the  base  is  cut  off  about  an  inch  below  a 
well-matured  bud.  Two  straight  cuts  are 
made,  starting  on  either  side  of  this  bud  and 
coming  out  at  the  bottom  in  such  a  way  that 
the  base  is  wedge-shaped  from  the  bud  down- 
ward, and  is  somewhat  thicker  on  the  outer 
or  bud  side.  This  wedge  should  be  nearly  the 
same  shape  as  the  split  in  the  stock. 

The  scion  is  then  cut  off  just  above  the  third 
bud  from  the  bottom.  With  the  narrow  wedge 
on  the  grafting  chisel,  or  with  a  wedge-shaped 
piece  of  wood,  the  cleft  on  the  stock,  or  stub, 
is  forced  open  and  the  scion  is  inserted  so  that 
its  outside  cambium  is  in  contact  with  the 
cambium  of  the  stock  at  one  side  of  the  cleft. 
To  insure  this  contact,  the  top  of  the  scion 
is  tipped  out  a  little  so  that  the  two  cambiums 
will  cross  each  other.  A  second  scion  is  pre- 
pared and  inserted  in  like  manner  on  the  other  side  of  the  cleft  When 
the  wedge  is  removed  the  cleft  should  close  and  grip  the  scions  firmly. 
Since  the  scion  wedges  are  thickest  on  the  outside,  the  contact  will  be 
firmest  where  we  have  placed  the  cambiums  in  contact ;  and  this  is  where 
growth  should  start.  The  entire  cleft  and  all  cut  surfaces  are  covered 
with  a  good  grafting  wax. 

Directions  for  making  grafting  waxes  and  bindings. —  To  make  com- 
mon resin  wax-  place  in  an  agate  kettle  one  pound  of  resin,  one-half  pound 
of  beeswax,  and  one-quarter  pound  of  rendered  tallow,  which  is  obtained 
by  melting  beef  or  mutton  tallow  and  allowing  it  to  cool.  Melt  these 
three  ingredients,  being  careful  that  the  mixture  does  not  boil.     When 
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Fig.  69.— Cleft 
grafting 


they  are  completely  melted  take  the  kettle  from  the  fire  and  pour  the  hot 
liquid  into  a  pail  of  cold  water.     Grease  the  hands  thoroughly  and  flatten 
the  spongy  mass  beneath  the  water  so  that  it  will  cool  uniformly.     It  is 
important  that  it  should  be  removed  from  the  water 
when  it  is  cold  and  tough,  but  not  brittle.    After  it  has 
been  taken  from  the  water,  pull  it'as  you  would  mo- 
lasses candy  until  it  is  ductile  and  fine-grained.     If  it  is 
lumpy,  remelt  and  pull  again.     Make  the  finished  wax 
into  balls  or  small  skeins  and  put  them  in  a  cool  place, 
laying*  them  on  greased  paper  to  avoid  sticking. 

JMcohoKc  wax  is  made  from  a  pound  of  white  resin, 
ari  ounce  of  beef  tallow,  a  tablespoonful  of  turpentine, 
and  five  ounces  of  alcohol.     Melt  the  resin  slowly  and 
when  it  is  completely  melted  add  the  beef  tallow.     Re- 
move the  kettle  from  the  fire  and  add  the  turpentine  and 
alcohol  slowly,  stirring  constantly.     When  finished  this 
wax  is  a  thick  paste  and  should  be  kept  in  bottles  or  cans. 
Waxed  string  for  .binding  small  grafts  is  made  by 
dipping  a  ball  of  No.  18  knitting  cotton  into  the  kettle 
of  melted  resin  wax  before  it  is  removed  from  the  fire. 
Leave  the  ball  in  the  wax  for  a  few  minutes,  turning  it 
frequently  so  that  it  will  be  thoroughly  saturated.     After  removing  it 
allow  it  to  drain  and  dry. 

Waxed  bandage  is  made  in  the  same  manner  as  the  waxed  string,  using 
a  roll  of  bandage  or  cloth  in  place  of  the  string. 

"  The  era  of  the  wild  apple  will  soon  be  past.  It  is  a  fruit  which  will 
probably  become  extinct  in  New  England.  *  *  *  I  fear  that  he  who 
walks  over  these  fields  a  century  hence  will  not  know  the  pleasure  of 
knocking  off  wild  apples.  Ah,  poor  man,  there  are  many  pleasures  which 
he  will  not  know !  Notwithstanding  the  prevalence  of  the  Baldwin  and 
the  Porter,  I  doubt  if  so  extensive  orchards  are  set  out  to-day  in  my  town 
as  there  were  a  century  ago,  when  those  vast  straggling  cider-orchards 
were  planted,  when  men  both  ate  and  drank  apples,  when  the  pomace-heap 
was  the  only  nursery,  and  trees  cost  nothing  but  the  trouble  of  setting  them 
out.  Men  could  afford  then  to  stick  a  tree  by  every  wall-side  and  let  it 
take  its  chance.  I  see  nobody  planting  trees  to-day  in  such  out  of  the 
way  places,  along  the  lonely  roads  and  lanes,  and  at  the  bottom  of  dells  in 
the  wood.  Now  that  they  have  grafted  trees,  and  pay  a  price  for  them, 
they  collect  them  into  a  plat  by  their  houses,  and  fence  them  in, —  and  the 
end  of  it  all  will  be  that  we  shall  be  compelled  to  look  for  our  apples  in 
a  barrel." —  Thoreau,  Excursions 
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POULTRY  LESSONS 

FOR  ADVANCED  GRADES 


i.  the  parts  of  a  fowl 

James  E.  Rice 

Object. —  To  teach  the  parts  of  a  fowl  and  their  purpose. 
Materials. —  i.  One  or  more  fowls,  both  male  and  female,  of  any  breed 
or  breeds. 

2.  Suitable  coop  or  coops  with  food  and  water.  A  terrarium  is  best 
for  the  study  of  fowls.  This  device  gives  opportunity  for  observations 
any  time  during  the  day. 

3.  Color  crayons,  paper,  pencils,  and  eraser. 

4.  A  life-size  outline  drawing  of  fowls,  both  male  and  female,  on  which 
is  indicated  the  name  of  each  part.  This  can  be  done  by  the  teacher  or 
one  of  the  older  children  from  Fig.  70. 

5.  A  small  table  or  stand  covered  with  carpet,  bagging,  or  other  material 
which  will  make  a  rough  surface  on  which  the  fowl  can  stand  when  taken 
out  of  the  coop  or  terrarium  with  less  danger  of  becoming  frightened. 

Method. —  Hold  the  fowl,  or  have  it  stand  on  the  table  before  the  class. 
Show,  describe,  and  name  each  part  of  the  fowl  and  state  its  use.  By 
so  doing  the  pupils  will  be  more  likely  to  remember  the  names  of  the  parts 
because  they  will  have  something  to  associate  with  them. 

By  referring  to  the  outline  drawing  of  the  fowl  when  studying  the 
parts  of  the  live  fowl,  the  pupils  will  see  the  names  of  the  parts  as  well 
as  hear  them  spoken.  Therefore  they  should  learn  the  lesson  more 
quickly. 
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After  all  of  the  principal  parts  of  the  fowl  are  understood  by  the  class, 
the  exercise  may  be  reviewed  profitably  by  asking  the  pupils  to  name  the 
parts  and  to  point  them  out  on  the  live  fowl. 

An  interesting  variation  of  the  exercise  may  be  provided  by  asking 
the  class  to  cut  the  pictures  of  fowls  from  poultry  papers,  on  which  the 
pupils  n-ay  be  asked  to  write  the  names  of  the  parts. 


Fig.  70. — Paris  of  a  Jowl 


Definitions  and  key  to  the  diagram  of  the  parts  of  a  fowl 

1.  Head  —  Includes  face,  eye,  beak,  comb,  and  other  head  parts. 

2.  Beak  —  The  upper  and  lower  horn-like  parts  of  the  mouth.     For 
biting  and  tearing. 

3.  Face  —  The  part  of  the  head  between  the  eye  and  the  beak. 

4.  Comb  —  The  fleshy  growth  on  the  top  of  the  fowl's  head.     For 
ornamentation. 

5.  Wattles — The  fleshy  growths  attached  to  the  throat  and  the  lower 
part  of  the  beak.     For  ornamentation. 

6.  Ear  lobes  —  The  fleshy  enlargements  on  the  face  below  the  ear.    For 
ornamentation. 
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7.  Eye  —  The  organ  of  sight.  Note  the  method  of  opening  and  closing 
the  eyelid. 

8.  Ear — The  organ  of  sound.  Observe  the  simple  opening  without 
external  ear  parts. 

9.  Nose  —  The  opening  to  the  air  passages  at  the  base  of  the  beak. 

10.  Neck  —  The  part  of  the  fowl  which  unites  the  head  with  the  body, 
and  allows  the  head  to  be  turned  freely  in  various  directions. 

11.  Back  —  The  part  of  the  body  between  the  neck  and  the  rump. 

12.  Tail  —  The  rump  and  the  feathers  which  are  found  on  it.  For 
guiding  the  body  during  flight. 

13.  Fluff  —  Soft  feathers  covering  the  abdomen. 

14.  Body  —  The  under  part  and  sides  of  the  fowl,  including  the  fluff. 

15.  Abdomen  —  The  part  of  the  body  between  the  rump  and  the  keel 
covered  by  the  fluff  feathers. 

16.  Keel  —  The  lowest  pairt  of  the  body  between  the  abdomen  and  the 
breast  bone.  Heavy,  low-hanging  part  of  body  giving  balance  and  steadi- 
ness in  flight. 

17.  Breast  —  The  part  of  the  fowl  extending  from  the  lower  part  of 
the  neck  to  the  keel.  It  is  formed  by  the  large  muscles  (white  meat, 
pectorals)  which  move  the  wings  during  flight.    Feel  for  the  wish-bone, 

18.  Wing  —  The  organ  of  flight.  Stretch  it  out  like  a  fan  and  note 
its  large  size  and  overlapping  feathers. 

19.  Leg — The  organ  of  locomotion,  including  the  feet,  shank,  hock, 
thigh,  and  "  second  joint." 

20.  Thigh  —  The  "first  joint "  of  the  leg  above  the  hock. 

21.  Shank —  The  part  of  the  leg  between  the  foot  and  the  hock.  Note 
the  large  scales  on  the  front  side  to  protect  the  shank  from  injury. 

22.  Feet — The  lower  parts  of  the  leg,  including  the  toes.  Used  for 
scratching  and  perching.  Move  shank  up  and  down  at  hock  joint  and 
observe  the  toes  move. 

23.  Toes  —  The  appendages  of  the  feet. 

24.  Hock  —  The  joint  between  the  thigh  and  the  shank. 

25.  Spur  —  The  homy  growth  on  the  shank.  Used  for  defence  in 
figliting. 

26.  Cushion  —  The  feather  section  of  the  female  overlapping  the  base 
of  the  tail.  . 

27.  Cape  —  The  feather  section  of  the  female  at  the  juncture  of  the 
neck  and  back. 

28.  Saddle — ^The  feather  section  overlapping  the  base  of  the  tail  of 
the  male. 
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ii.  the  purpose  of  feathers 
James  E.  Rice 

Object. — ^To  help  the  children  to  discover  (i)  the  utility  of  feathers  to 
birds;  (2)  how  to  handle  a  fowl. 

Materials. — ^A  fowl  of  any  kind,  brought  in  a  coop.  While  it  is  kept 
at  school  it  should  be  supplied  with  food  and  water.  Any  of  the  larger 
boys  will  be  willing  to  bring  a  chicken,  turkey,  duck,  or  goose  for  study. 
If  more  than  one  kind  of  poultry 
can  be  secured,  the  lesson  will  be 
more  interesting  and  attractive. 

Method. —  If     possible,     have 
the  fowl  in  the  schoolroom  a  few 
hours  before  the  lesson  is 
given.       Encourage      the 
children   to   find   out   as 
many     facts     as 
they       can       for 
themselves 'at  re- 
cess or  before  the 
opening  of  school. 
The       successful 
naturalist  or 
farmer   must  ac- 
quire a  spirit  of 
patient      inquiry. 
Direct    the    obser- 
vations of  the  pu- 
pils by  a  few  ques- 
tions relating  to  the  kinds  of  feathers,  the  location  of 
the  different  kinds,  the  parts  of  the  body  not  covered 
with  feathers,  and  thtj  like.    Suggest  competition  by  ask- 
ing which  boy  or  girl  can  give  the  greatest  number  of  facts  from  his  ob- 
servation of  the  feathers  of  a  fowl. 

The  teacher  should  remove  a  fowl  from  the  coop  head  first,  holding 
the  legs  firmly  together  to  prevent  fright  and  injury. 

Allow  the  children  to  come  as  near  as  possible.  In  a  city  school  I  saw 
a  most  excellent  lesson  on  the  hen  given  to  fifty  children.  The  lesson 
lasted  a  half  hour.  The  hen  did  not  seem  disturbed,  and  the  pupils  Were 
intensely  interested. 
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Suggestions  for  study 

1.  The  pupils  can  learn  that  the  feathers  are  non-conducting^  by  obsenr- 
ing  the  difference  in  the  heat  of  the  body  when  the  hands  are  placed  oa 
the  feathers  and  when  they  are  placed  between  the  feathers  an:! 
against  the  skin.  Discuss  the  fact  that  the  warm  coat  of  feathers  is  one 
reason  why  fowls  suffer  from  the  heat  in  excessively  ^varm  weather, 
and  why  they  are  able  to  endure  so  much  cold  in  the  winter.  What  can 
a  fowl  do  when  she  wants  to  be  cooler?  What  can  she  do  when  she 
wants  to  be  warmer? 

2.  Ask  the  children  whether  they  ever  saw  a  turkey  sleeping  on  the 
roost  on  a  cold  night.  Did  she  have  her  head  under  her  y^ring?  Brin;2: 
out  the  fact  that  the  breath  warmed  the  body  and  the  feathers  protected 
the  head. 

3.  Before  the  pupils  leave  the  schoolroom  some  cold  night,  ask  them 
to  notice  when  they  go  home  whether  the  fowls  keep  close  to  the  roost. 
Ask  them  whether  they  have  ever  seen  a  duck,  a  goose,  a  turkey,  or  other 
fowl  standing  in  the  snow  or  on  the  ice,  and  whether  it  stands  on  one 
foot  or  both  feet. 

4.  Spread  the  wings  and  tail  so  that  the  different  feather  sec- 
tions may  be  seen.  Note  that  in  the  wing  and  tail  one  feather  overlap? 
another  so  that  each  feather  braces  the  other  during  flight.  Discuss  the 
use  of  the  turkey's  wing  for  a  fan  or  duster.  Are  the  feathers  lapped 
over  one  another?  Why  are  the  feathers  thus  arranged?  Do  several 
boys  skating  arm  in  arm  find  it  harder  skating  than  they  would  if  they 
skated  separately?  What  comparison  is  there  between  the  boys  skating 
against  the  wind  and  the  arrangement  of  the  feathers  of  the  wing  when 
a  bird  is  flying? 

5.  Observe  that  the  lighter  wing  feathers  (secondaries)  are  tucked  up 
under  the  heavier  feathers  (primaries). 

6.  Fold  and  unfold  the  wings  and  observe  how  one  feather  overlaps 
another,  forming  a  thick  shield.  What  utility  can  you  suggest  for  this  ? 
Why  does  the  baseball  catcher  have  a  breast-pad  ?  Consider  whether  the 
folded  wing  protects  the  fowl's  body  in  a  similar  way  to  that  in  which  the 
pad  protects  the  ball  player. 

7.  Spread  the  tail,  then  fold  it,  and  swing  it  from  side  to  side  to  obser\'e 
its  use  in  steadying  the  fowl  in  flight.  Of  what  does  it  remind  you?  Did 
you  ever  steer  a  boat  ?  What  is  the  similarity  between  the  rudder  of  a 
boat  and  the  tail  of  a  bird  in  flight  ? 
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8.  Notice  how  the  back  feathers  also  overlap  one  another.  Can  you 
suggest  why  the  feathers  are  thus  arranged  ?  What  comparison  can  you 
make  between  the  arrangement  of  the  back  feathers  and  the  shingles  on 
a  roof? 


iii.  the  parts  of  a  feather 
James  E.  Rice 

Object.  To  teach  the  structure  of  feathers.  A  knowledge  of  the 
kinds  of  feathers  and  the  markings  of  them  is  essential  to  becoming  fa- 
miliar with  the  different  breeds  of  poultry.  Therefore,  this  is  an  impor- 
tant lesson,  and  if  given  at  all  it  should  be  given  with  some  spirit.  The  ' 
teacher  should  have  feathers  that  have  been  taken  from  different  parts 
of  a  fowl  or  fowls  in  order  to  show  how  the  feathers  differ  in  size,  shape, 
and  structure.  These  samples  may  be  collected  most  easily  from  a  fowl  ; 
that  has  just  been  killed,  and  should  be  mounted  and  kept  for  future 
lessons. 

Materials. —  I.  A  fowl,  or  fowls  of  the  same  breed  or  of  different 
breeds. 

2.  Suitable  coops  with  food  and  water. 

3.  Drawing  paper,  pencils,  erasers,  blackboard,  and  color  crayons. 

4.  Microscope  or  magnifying  glass,  if  possible. 

Method, —  Have  the  pupils*  study  the  live  fowl,  noting  the  structure  of 
the  feathers  on  different  parts  of  the  body.  This  might  be'  done  at  times 
when  other  lessons  are  completed. 

(a)  Slit  the  quill  of  an  old  feather  and  examine  the  pith. 

(b)  Place  the  different  parts  of  a  feather  under  a  magnifying  glass 
and  let  each  pupil  examine  them,  stating  what  he  sees.  ^ 

(c)  Make  a  drawing  of  any  feather  from  any  part  of  the  fowl,  and  •  *, 
name  its  parts:  fluff,  tip,  quill  or  shaft,  barb,  web.     (Fig.  71.)  | 

Definitions, —  Quill  or  Shaft — The  rib-like  part  which  supports  the 
web  and  gives  strength  to  the  feather. 

Web  —  The  thin,  flat,  fan-like  part  of  a  feather  formed  by  the  uniting 
of  the  barbs. 

Barb  —  The  separate  sections  of  a  feather,  which,  when  united,  form 
the  web  and,  when  separate,  form  the  fluff. 

Fluff  —  The  part  of  the  feather  where  the  barbs  are  separate.  Usually 
next  to  the  body  and  covered  by  the  webs  of  other  feathers. 

Hunt  for  feathers  which  branch  from  the  quill  like  branches  on  a  tree. 
Examine  fowls  during  different  seasons  of  the  year  to  find  out  whether 
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the  branching  occurs  more  frequently  during  the  warm  or  the  a)ld  sea- 
sons.    Notice  that  the  softer,  downy  feathers  grow  on  the  most  protected 


parts  of  the  body,  and  that  the  harder  feathers  are  found  where  the  body 
is  more  exposed  and  liable  to  injury. 
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It  would  be  well  to  make  as  complete  a  collection  of  feathers  as  pos- 
sible for  use  in  the  classroom.  Whenever  an  interesting  feather  is  brought 
into  the  school  it  should  be  mounted,  and  the  children  should  note  the  dif- 
ference in  structure  and  shape  from  the  others  already  mounted.  Any 
teacher  will  see  that  this  will  at  once  interest  the  children  in  finding 
feathers,  and  in  noting  poultry  more  closely  as  they  see  them  in  the  barn- 
yard.   Patient  inquiry  is  ever  fundamental  to  scientific  work. 


Editor's  Note. —  Have  some  boy  or  girl  in  the  class  who  is  skilled  in 
using  a  crayon  make  drawings  of  the  feathers  illustrated  on  this  page, 
and  then  have  an  oral  discussion  of  the  different  kinds  represented. 
Feathers  are  always  interesting  to  children  and  the  study  of  them  will 
encourage  close  observation. 

iv.  shape  and  location  of  feathers 
James  E.  Rice 

Object. —  To  teach  the  pupil  to  know  the  name,  shape,  and  size  of  the 
feathers  which  are  to  be  found  on  each  part  of  a  fowl.  This  lesson  is 
preparatory  to  the  recognition  of  the  different  breeds  of  fowls. 

Materials, —  i.  Two  or  more  mature  fowls,  male  and  female,  from  dny 
breed  or  breeds. 

2.  Suitable  coop  or  coops  with  food  and  water. 

3.  Drawing  paper,  pencils,  eraser,  blackboard,  and  color  crayons. 

4.  An  outline  on  the  blackboard  or  on  cloth  or  paper  of  a  hen  and  of  a 
rooster,  on  which  is  indicated  the  name  of  each  feather  section  and  the 
names  of  the  feathers  found  there. 

5.  A  small  stand  or  table  covered  with  burlap,  carpet,  bagging,,  or  other 
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material  which  will  make  a  rough  surface,  on  which  the  fowl  can  stand 
with  less  danger  from  fright. 

Method. —  The  lessons  on  feathers  can  be  taught  most  successfully  with 
the  live  fowl,  which  the  pupils  should  be  permitted  to  handle.    They 


Fig.  72. — The  feathers  of  a  hen,  showing  their  reUUioe  sise,  shape  and  position:  /,  neck 
hackle;  2,  breast;  j,  wing  shoulder  covert;  4,  wing  flight  covert;  5,  wing  primary; 
6,  wing  secondary;  7,  wing  covert;  8,  back;  p,  cushion;  10,  main  tail;  11 ,  fluff; 
12,  thigh 

should  see  for  themselves  the  kinds  of  feathers  to  be  found  on  normallj 
developed  fowls.  These  they  should  compare  with  the  feathers  w^hkh 
another  pupil  shows  on  the  same  section  of  another  fowl  of  the  same  sex. 
The  principle  should  be  emphasized  that  the  similarity  between  the  feath- 
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ers  is  not  chance,  but  that  the  feathers  of  the  same  size  and  shape  will 
always  be  found  on  the  same  section  of  the  same  sex  and  same  variety. 
Point  out  how  the  feathers  from  each  section  differ  in  shape,  size,  and 
structure,  from  feathers  on  other  sections  of  the  same  fowl.     Call  atten- 


FiG.  73. — The  fea'hers  of  a  cock  showing  their  relative  size,  shape  and  position:  /,  neck 
hackle;  2,  breast;  j,  wing  shoulder  covert;  4,  wing  flight  covert;  5,  wing  primary; 
6,  wing  secondary;  7,  wing  covert;  8,  back;  p,  tail  covert;  10,  main  tail;  ii,  fluff; 
12,  thigh;  13,  saddle  hackle;  14,  sickle;  15,  lesser  sickle 

tion  to  the  fact  that  this  difference  is  always  to  be  found  in  normally 
developed  fowls. 

Following  are  given  the  feather  sections  of  fowls,  male  and  female,  the 
names  of  the  feathers  to  be  found  on  each,  and  definitions : 
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Section,    Name  of  feather  section. 


Neck 

Back 
Saddle 

Cushion 

Breast 

Tail 


Wing 


Body 

Fluff 

Thigh 
Shank 


Neck  hackle: 

Back  feathers: 
Saddle  hackle : 


Breast  feathers: 
'   (a)  Sickle  feathers: 

(b)  Lesser  sickle: 

(c)  Main  tail  feathers : 
.  (d)  Tail  coverts: 

(i)    Primaries: 

(2)  Secondaries: 

(3)  Wing  coverts: 

(4)  Shoulder  feathers: 

(5)  Flight  coverts: 

(6)  Wing  bow: 

(7)  Wing  bay: 

(8)  Wing  bar: 

(9)  Wing  points : 
Body  feathers: 

Fluff  feathers : 

Thigh  feathers: 
Legteathers : 


Definition. 
The  long,  narrow  pointed  feathers  found  on 

the  neck  of  the  male  or  female. 
Short,  broad  feathers  on  the  back. 
The   narrow,   pointed   feathers   to   be    found 

overlapping  the  base  of  the  tail  on  the  male. 
The    round-tipped    feathers     overlapping  the 

base  of  the  tail  on  the  female. 
Short,  broad  feathers  covering  the  breast. 
The  larger  flowing  feathers  of  the  tail  of  the 

male. 
The  smaller  flowing  tail  feathers  which  cover 

the  sickles. 
The  broad,  flat,  upright  feathers  of  the  tail 
The  smaller  flowing  tail  feathers  which  cover 

the  main  tail  feathers. 
The  large,  stiff  feathers  on  the  first  joints  of 

the  wings. 
The  broad  feathers  on  the  second  joint  of  the 

wing  under  which  are  tucked  the  primaries 

when  the  wings  are  folded. 
The    short    wing    feathers    overlapping    the 

secondaries. 
The    short    feathers    overlapping^    the    wing 

coverts. 
The  small  feathers  at  the  very  point  of  the 

wing. 
The  part  of  the  wing  formed  by  the  shoulder 

feathers. 
The  part  of  the  wing  formed  by  the  secon- 
daries. 
The  part  of  the  wing  formed   by   the  wing 

coverts. 
The  part  of  the  wing  formed  by  the  primaries. 
Medium    sized    feathers    covering    the    body 

where  not  otherwise  protected: 
The  soft  feathers  covering  the  abdomen  back 

of  the  legs  and  below  the  tail. 
Short,  fluffy  feathers  covering  the  thighs. 
The  stiff   feathers   found   on    the   shanks  of 

feathered  legged  varieties. 


v.  color  markings  of  feathers 
James  E.  Rice 

Object. —  To  teach  the  pupils  to  recognize  the  kinds  of  colors  and  color 
markings  of  feathers  which  are  to  be  found  on  the  different  varieties  of 
fowls.  This  lesson  will  provide  an  interesting  and  instructive  exercise  in 
.learning  the  varieties  of  fowls. 

Materials. —  A  collection  of  feathers,  one  from  each  section  of  a  fowl, 
and  representing  as  many  different  varieties  of  poultry  as  it  is  possible 
to  procure. 

If  possible,  visit  a  poultry  yard  two  or  three  times  during  the  fall  to 
study  the  feathers  as  they  appear  on  the  fowls,  or  have  a  fowl  brought  to 
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the  school  at  diflFerent  times.  Each  class  should  try  to  add  to  the  collec- 
tion the  feathers  from  at  least  one  additional  variety,  These  collections 
may  be  framed  and  hung  in  the  schoolroom,  thus  preserving  them  for  the 
use  of  the  classes  which  may  follow.  Feathers  may  be  secured  during 
the  fall  of  the  year  at  molting  time  about  the  houses  and  yards  wherever 
fowls  are  kept 

A.  Feather  markings.     (Fig.  74.) 

(a)  Barred  (Barred  Plymouth  Rock,  Dominique).  A  feather  hani^ 
bars  across  the  web  at  right  angles  to  the  shaft. 

(b)  Horizontal  penciled  (Silver  or  Golden  Penciled  Hamburgs).  A 
feather  having  narrow,  straight  stripes  across  the  web  at  right  angles  to 
the  shaft. 

(c)  Crescentic  penciled  (Partridge  Cochin,  Indian  Game,  Partridge 
Wyandotte,  Silver  Penciled  Wyandotte).  A  feather  having  narrow 
stripes  on  the  web  which  follow  the  outline  of  the  feather,  forming  a 
crescent. 

(d)  Striped  (Hackle  of  Brahmas  and  Brown  Leghorns,  and  Silver  or 
Golden  Laced,  Silver  Penciled,  or  Partridge  Wyandotte).  A  feather  hav- 
ing a  dark  stripe  through  the  center  on  a  web  of  lighter  color. 

(e)  Spangled  (Silver  or  Golden  Spangled  Hamburgs).  A  feather 
having  a  dark  colored,  roundish  marking  on  the  web  near  the  tip. 

(f)  Laced  (Silver  or  Golden  Wyandotte).  A  feather  having  a  dark 
colored  edging  about  the  web  of  a  light  colored  feather. 

(g)  Stippled  (Breast  of  a  Rouen  Drake).  A  feather  having  fine,  dark 
colored  markings  irregularly  placed  over  the  web. 

(h)  5'/>/ayA^rf  (Houdans,  Anconas  and  Jubilee  Orpingtons).  A  feather 
having  irregular  markings  of  various  colors  on  the  web. 

S.  Feather  coloration 

(a)  Solid  white  (White  Plymouth  Rock,  White  Wyandotte,  White 
Leghorn).   A  feather  without  other  color  than  pure  white  in  quill  or  web. 

Snow  white  —  designating  special  purity  of  white. 
Creamy  white  —  white  having  a  slight  tinge  of  yellow. 
Yellow  white  —  white  having  a  pronounced  tinge  of  yellow. 
Brassy  white  —  white  showing  brilliant  yellow  cast. 

(b)  Solid  black  (Black  Minorca,  Black  Cochin,  Black  Leghorn,  Jaa 
Black  Langshan).  A  feather  without  other  color  than  black  in  quill  or 
web. 

-   BriHiant  black  —  black  glistening  with  brilliancy. 
Dull  black  —  black  lacking  lustre. 
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Black  with  green  sheen  —  black  reflecting  brilliant  green  in  the  sun- 
light. 

Black  with  purple  barring  —  black  reflecting  deep  purple  in  the  sun- 
light 

(c)  Solid  buff  (Buff  Cochin,  Buff  Leghorn,  Buff  Plymouth  Rock,  Buff  : 
Wyandotte).    A  feather  without  other  color  than  buff  in  quill  or  web. 

Rich  golden  buff  —  bright  and  uniform. 
Pale  buff  or  light  buff  —  lacking  strength  of  buff  color. 
Mealy  —  irregularly  marked  with  lighter  buff,  giving  the  effect  of  hav- 
ing been  sprinkled  with  meal. 

Medium  buff  —  between  light  and  dark  buff. 

(d)  Red  (Rhode  Island  Red).  A  feather  without  other  color  than  red 
in  quill  or  web. 

Mahogany  red  —  rich,  brilliant,  dark  red,  almost  black  ift  the  shade. 

Dark  red  —  a  deep,  rich  shade  of  red. 

For  advanced  pupils  the  study  may  include  a  comparison  of  both  per- 
fectly and  imperfectly  marked  feathers,  for  which  special  collections  can 
usually  be  secured  from  the  fowls  while  they  are  being  examined  by 
the  class. 

Give  to  each  pupil  a  collection  of  feathers  representing  the  different 
colors  and  shades  to  be  found  on  poultry.  Select  feathers  representing 
the  dift'erent  shades  and  colors  and  point  out  the  differences  by  contrast. 

Method, —  It  is  preferable  to  use  a  fowl  or  fowls  rather  than  a  collection  • 
of  feathers  when  teaching  feather  markings  and  coloration.    By  so  doing 
the  pupil  will  associate  a  particular  type  of  feather  with  the  variety  of 
fowl.    Moreover,  a  living  object  is  always  more  interesting. 


vi.  the  types  of  combs  of  the  domestic  fowl 

James  E.  Rice 

Illustrations  by  W.  C.  Baker 

Object. —  To  show  how  the  comb  may  enable  a  person  to  recognize 
many  of  the  principal  breeds  of  fowls. 

Materials, —  i.  One  male  and  one  female  of  as  many  breeds  of  fowls 
as  it  is  possible  to  procure,  to  illustrate  the  different  types  of  combs.  Two 
or  three  breeds  studied  in  the  schoolroom  will  be  good  preparation  for 
more  extended  study  in  the  poultry  yard. 

2.  Suitable  coop  or  coops,  with  food  and  water,  for  exhibiting  the 
fowls. 

3.  Drawing  paper,  pencils,  eraser,  tracing  paper,  pair  of  scissors, 
blackboard,  and  color  crayons.  Digitized  by  GoOglc 
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4.  A  large  collection  of  clippings  from  poultry  papers,  catalc^es,  and 
the  like,  representing  the  head  parts  of  the  principal  breeds  and  varieties 
of  fowls. 

5.  A  small  table  covered  with  carpet,  on  which  the  fowls  can  stand 
without  slipping. 

Method. —  The  teacher  should  show  the  class  each  of  the  diflferent 
types  of  comb,  give  its  nartie,  point  out  how  it  differs  from  the  other 
types,  and  give  the  name  of  the  principal  breeds  of  fowls  on  which  it 
may  be  found. 

The  pupils  should  be  asked  to  draw  on  the  blackboard  or  on  paper  the 
outline  of  each  of  the  different  types  of  comb  and  to  write  the  name  of 
the  breed  to  which  it  belongs. 

The  pupils  may  be  taught  to  recognize  the  different  types  of  combs  by 
making  tracingS  of  the  illustrations  shown  in  this  lesson.  If  the  best 
tracings  which  the  pupils  make  are  kept  in  the  school  museum,  interest 
will  be  developed  through  the  spirit  of  competition. 

After  the  lesson  has  been  learned,  an  interesting  examination  may  be 
given  to  test  the  pupils'  knowledge  by  asking  each  to  bring  a  collection  of 
clippings  from  poultry  papers  showing  the  head  parts  of  a  large  number 
of  breeds  of  fowls.  These  should  be  numbered,  the  name  of  the  breed 
removed  from  the  clipping  and  a  record  made  of  the  names  of  the  breeds 
and  the  corresponding  numbers  of  the  clippings.  The  clippings  should 
then  be  thoroughly  mixed  and  the  pupils  asked  to  draw  out  several  from 
the  miscellaneous  collection.  The  pupils  may  be  asked  to  write  the  num- 
ber of  the  clipping,  the  kind  of  comb,  and  the  name  of  the  breed  of  which 
the  head  parts  are  shown  on  the  clipping. 

Encourage  the  members  of  the  class  to  observe  and  explain  for  them- 
selves the  differences  in  size  and  shape  of  the  comb  of  the  male  and  the 
female  of  the  same  breed.  Live  fowls  should  be  used  for  this  purpose 
whenever  practicable. 

Pupils  like  to  make  drawings  on  the  blackboard.  One  of  the  tjrpes  in 
the  Leaflet  might  be  copied  each  day  and  the  characteristics  explained  to 
the  class  by  the  pupil  who  makes  the  drawing. 

The  different  types  of  combs 
The  well-recognized  types  of  combs  to  be  found  on  our  d(Hnestic  fowl 


I  are  as  follows : 


I.  The  single  comb. —  The  single  comb  consists  of  a  single  piece  01 
serrated  (notched)  fleshy  growth.  It  may  be  large,  medium,  or  small; 
thick  or  thin ;  deeply  or  lightly  serrated ;  erect  or  lopped ;  and  may  havt 
few  or  many  points  or  serrations^  depending  on  breed,  as  shown  in 
Figs.  75,  76.  77.  and  78.  r  noal(> 
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The  single  comb  is  to  be  found  on  the Jargest  number  of  breeds  of  fowls, 
some  of  which  are  as  follows :  Plymouth  Rock,  Fig.  75 ;  White  Leghorn, 
Fig.  76;  White  Faced  Black  Spanish,  Fig.  77;  Black  Minorca,  Fig.  78;  the 
Java,     Rhode    Island    Red,     Silver 
Gray  and  Colored  Dorking,  Cochin, 
Langshan,  Orpington,  and  Game. 

Ask  the  pupils  to  point  out  the 
differences  between  the  single  combs 
shown  in  Figs.  75,  76,  7T,  78;  to 
count  the  number  of  serrations;  to 
note  the  difference  in  size  between  the 
sir  all  comb  of  the  Plymouth  Rock, 
the  medium  to  large  comb  of  the 
Leghorn,  and  the  very  large  comb  of 

t  h  e  Black 

Minorca.         \k^t 
Request 

the    pupils 

to    name 

the  breeds 

i  n     which 

the  comb 

of  the   fe- 
male   lops 

and 


Fig.  7^.— Plymouth  Rock 


Single  comb,  small  to  medium,  five  points,  finely 
serrated,  erect 


Tig.  -jj.— White  Faced  Black 
Spanish 

Single  comb,  medium  to  large,  five  points. 
Female  comb  loppcfl 


Fig.  76.— White  Leghorn 


in 


those    Single  comb,  mediimi  to  large,  five  points, 
,  .   ,         deeply  serrated.     Female  comb  lopped 

which 


it  is  upright,  as  shown  by  the  illus- 
trations. Ask  some  of  them  to  draw 
combs  of  males  and  females  of  the- 
different  breeds  and  then  request 
other  members  of  the  class  to  say 
which  are  males  and  which  are  fe- 
males and  to  give  the  reason. 

2.     The  rose  comb. — A  thick,  solid 
comb,  covered  at  the  top  with  fine 
points    and    terminating    in    a    con- 
spicuous spike  in  the  rear  (Figs.  79, 
80,  81).     The  rose  comb  is  to  be 
found     on     the     Wyandotte,     Fig.     79;    the     Rose    Comb     Leghorn, 
Fig.  80;  the  Hamburg,  Fig.  81;  the  Dominique,  the  Rose  Comb  Rhode 
Island  Red,  Rose  Comb   Black  Minorca,  White  Dorking,  and  others. 
Ask  the  class,  among  other  questions,  to  explain  the  difference  in  the 


Fig.  78.— B/o^Jfe  Minorca 

Single    comb,  very    large,  six  points,   deeply 
serrated.    Female  comb  lopped 
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Fig.  79. — Wyandotte 

Rose  comb,  low,  medium,  oval,  spike  followixig 

the  curve  of  the  head 


Pia  80. — Rose  Comb  White  Leghorn 

Rote   comb,  medium   to  large,  flat   top, 

finely  serrated,  point  horizontal 


shape  of  the  comb  of  the  Wyandotte,  Fig.  79;  the  L^hom,  Fig.  80:  and 
the  Hamburg,  Fig.  81.  Suggest  that  they  draw  the  three  Kt'c^ 
of  comb  and  name  the  breed  on  which  the  spike  points   downwar:. 

straight    back,     and     upward,    re- 
spectively. 

3.  The  pea  comb. —  A  comb  re- 
sembling three  low,  thick,  slig!:!y 
serrated,  single  combs,  grown  t - 
gether,  the  center  comb  being  sligh./, 
higher  than  the  other  two  (  Fig.  82  . 
The  pea  comb  is  found  on  or.!y 
a  few  breeds,  the  most  coma:  i 
being  the  Brahma.  Fig.  82;  In-iia-- 
Game,  Buckeye,  and  Sumatra. 

4,     The  "  V  "  comb. — \  comb  consi^t- 
ing  of  two   small,   divided,   horn-like  ': 
leaf -like  projections,  varying  in  size  ar.l 
shape    with 
the      differ- 
ent    breeds. 
Found    only 
o  n        Hou- 
dan.  Fig.  84;    La  Flech,  Fig.   83;  Creve- 
coeur,  Fig.  85 ;  Polish  and  Sultan. 

The   Polish  and  Houdan  have  a  comb 
consisting  of  very  small,  horn-like  project-  Tic.  ^i,— Hamburg 

ing    points    extending    upward    like    a    little    Rose  comb,  medium  to  large,  flat  tr: 

"  V "  (Fig.  84) .  ^^^  '  ■"^^" ^"''^"" 

The  La  Flech  has  larger  horn-like 
points  projecting  backward  and  upward 
to  form  a  large  "  V  "  (Fig  83). 

The  Crevecoeur  has  a  larger  fleshy 
comb,  irregularly  shaped,  similar  to  an 
oak  leaf  (Fig.  85). 

The  Sultan  has  two  very  small  spikes 
arranged  in  the  form  of  a  "  V." 

Ask  the  class  to  point  out,  name 
and  draw  on  the  blackboard  the  different 
types  of  "  V  "  shaped  combs  as  shown  in 
Figs.  83,  84  and  85,  and  to  state  the  breed  on  which  each  may  be  founi 

5.  The  strazvberry  comb. — A  fleshy  growth  so  named  because  of "? 
similarity  in  shape  and  color  to  a  ripe  strawberry.  Found  only  <hi  tk 
Malay,  Fig.  86,  and  the  Silky. 
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Pig.  %2.— Brahma 

Pea  comb,  medium,  evenly  and  sligii'Iy 
serrated  in  three  rows 
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The  "American  Standard  of  Perfection,"  published  by  the  "American 
Poultry  Association,"  contains  illtistrations  and  detailed  descriptions  of 
all  the  principal  breeds  and  varieties  of  poultry. 


Fig.  83.— La  Fleck 

"V"  shaped,  medium,  spike  comb,  medium 
to  small  size 


Fig.  85. — Crevecoeur 

*  V  '*  shaped,  medium  leaf  comb,  medium  to 
small  size 


Fig.  84. — Houdan 
•  V  "  shaped  very  small 


Fig.  Se.^Malay 

Strawberry  shaped,  small,  symmetrical,  finely 
sevrated,  set  slightly  toward  the  front  of 
the  head 


Editor's  Note. —  The  first  lesson  on  poultry  should  give  children  an 
insight  into  the  wonders  of  it.  Later  we  shall  pubHsh  a  bulletin  for  boys 
and  girls  on  the  practical  side  of  poultry  raising.  Before  this  reaches 
them  we  hope  that  they  will  have  an  awakened  interest  in  the  study  of  all 
fowls ;  that  they  will  look  upon  a  hen  in  a  new  light ;  and  upon  the  basket 
of  eggs  on  the  pantry  shelf  with  a  new  intelligence. 

"  What  is  all  nature  and  human  life  at  this  moment,  what  the  scenery 
and  vicinity  of  a  human  soul,  but  the  song  of  an  early  sparrow  from 
yonder  fences,  and  the  cackling  hens  in  the  barn  ?  So  for  one  while  my 
destiny  loiters  within  ear-shot  of  these  sounds.  The  great  busy  Dame 
Nature  is  concerned  to  know  how  many  eggs  her  hens  lay.  The  Soul, 
the  proprietor  of  the  world,  has  an  interest  in  the  stacking  of  hay,  the 
foddering  of  cattle,  and  the  draining  of  peat  meadows.  Away  in 
Scythia,  away  in  India,  they  make  butter  and  cheese  for  its  larder. 
*    *  •*    Was  not  Christ  interested  in  the  setting  hens  of  Palestine?" 

Thoreau,  Journal 


Digitized  by  VjOOQIC 


978  Rural  School  Leaflet 


vii.  egg  types 

James  E.  Rice 

Object,— To  train  the  pupil's  power  of  observation,  especially  his  ability 
to  recognize  differences  in  size,  weight,  form,  color,  and  texture  of  eggs ; 
to  familiarize  him  with  the  characteristic  types  of  eggs  laid  by  the  different 
species,  classes,  breeds,  and  varieties  of  domestic  poultry;  to  note  varia- 
tions from  the  normal  eggs,  and  to  lead  the  pupil  to  inquire  into  the  causes 
for  those  that  are  abnormal ;  to  afford  the  pupil  training  in  accuracy 
of  expression  in  the  words  used  to  describe  the  various  forms,  colors,  and 
textures  of  eggs. 

Materials. —  i.  A  collection  of  eggs  from  as  many  different  kinds  of 
poultry  as  it  is  possible  to  procure.     Eggs  from  the  domestic  fowl,  ducks, 

geese,  turkeys,  guineas,  pheasants, 
pea  fowl,  pigeon,  quail,  etc.,.  and 
also  from  many  different  breeds 
and  varieties  of  each  of  these 
kinds  of  poultry^ 

2.  One  or  two  insect  cases. 
( Fig.  88.)  If  insect  cases  can  not 
be  secured,  a  neat  box  that  can 
be  covered  tightly  will   do. 

^      «       ^         .       r     r        '   yf     '  3'  Scvcral  egg  drills  and  blow 

Fig.  87. — A  specimen  for  the  egg  collection         .  ^,         .  ° 

pipes.     These  mstruments  are  not 

very  expensive.  They  can  be  purchased  at  Ward's  Natural  Science  Estab- 
lishment, Rochester,  N.  Y.,  for  twenty-five  cents  each.  The  writer  has 
known  young  persons,  however,  who  could  blow  the  contents  from  an 
egg  shell  with  a  straw  without  the  aid  of  drills  or  blow  pipes. 

4.  Pot  of  glue.     Labels,  as  shown  in  Fig.  87. 

5.  Drawing  paper,  drawing  pencils,  lead  eraser,  and  color  crayons  or 
water  colors  to  be  used  when  pupils  have  had  sufficient  training  in  color 
work. 

6.  One  pair  of  balances  or  scales. 

The  collection  of  eggs  can  be  made  permanent  by  blowing  the  contents 
from  each  egg  and  mounting  the  shell  on  a  wooden  block.  (Fig.  87.) 
The  mounted  egg  shells  can  then  be  arranged  in  an  insect  case,  (Fig.  88). 
each  egg  properly  labeled  as  follows :  Species,  breed,  variety,  date,  name 
of  breeder,  and  pupil  who  prepared  the  specimen.  In  this  form  the  egg 
shells  may  be  safely  kept  in  the  schoolroom  where  they  make  an  attrac- 
tive and  instructive  collection  for  general  observation  when  not  desired 
for  class  instruction.    From  time  to  time  pupils  will  be  able  to  add  to  the 
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collection.  When  eggs  are  broiight  in  from  the  poultry  house  to  be  used 
for  cooking,  perhaps  the  contents  of  some  of  the  eggs  can  be  blown  out 
and  the  shells  added  to  the  collection.  They  should  always  be  properly 
labeled. 

Method. — (a)    The  size,  weight,  and  form  of  eggs. 

Make  outline  drawings,  natural  size,  of  as  many  different  kinds  of 


Fig.  88. — A  collection  of  eggs  for  study 

eggs  as  the  time  will  permit.  Place  several  eggs  representing  different 
types  side  by  side  and  observe  tfie  different  outlines. 

Select  one  dozen  eggs  each  of  large,  medium,  and  small  sizes.  Weigh 
them  and  estimate  the  loss  or  gain  if  they  had  been  purchased  by  weight 
instead  of  by  the  dozen.  A  dozen  hen's  eggs  should  weigh  lyi  pounds 
or  24  ounces,  equal  to  two  ounces  each. 

Describe  the  different  forms  of  the  eggs  by  suitable  descriptixe  tern^, 
as,  elliptical,  round,  elongated,  etc.  Digitized  by  LjOOglC 
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Place  the  eggs  of  different  sizes  side  by  side  and  note  how,  by  the 
law  of  contrast,  the  small  eggs  look  smaller  when  compared  with  the  large 
eggs  than  they  do  when  seen  in  a  group  by  themselves.  It  pays  to  produce 
eggs  of  uniform  size  and  shape,  and  to  grade  eggs  carefully  before  mar- 
keting them. 

(b)  Color  of  eggs. 

Compare  the  variations  in  color  of  the  different  collections  of  the 
different  kinds  of  eggs.  Represent  these  by  giving  the  proper  tint  to  the 
eggs  already  drawn  in  outline. 

Arrange  the  dark-colored  and  the  light-colored  eggs  in  such  a  manner 
that  there  shall  be  a  perfect  gradation  and  blending  of  colors  from  the 
darkest  brown  to  the  purest  white.  Note  the  great  contrast  in  color  when 
the  brownest  and  whitest  eggs  are  placed  side  by  side.  Group  the  tinted 
eggs  together  and  note  how  much  darker  the  light  brown  eggs  appear 
when  placed  by  the  side  of  the  white  eggs  than  they  do  when  placed  by  the 
side  of  the  brown  eggs.  Note  also  how  much  darker  the  whitish  egg? 
appear  when  contrasted  with  the  pure  white  eggs  than  they  do  when  seen 
by  the  side  of  the  light  brown  eggs. 

Observe  how  much  more  attractive  a  dozen  pure  white  eggs  and  a 
similar  number  of  brown  eggs  appear  when  grouped  alone  than  they  do 
when  mixed  together.  Those  who  sell  eggs  find  that  it  pays  to  produce 
eggs  that  are  uniform  in  color. 

(c)  Texture  of  eggs. 

Note  the  differences  in  texture  of  the  egg  shells  from  the  different 
kinds  of  poultry, —  the  glossy,  the  smooth,  the  rough,  the  thick,  and  the 
thin  shells.  The  differences  in  texture  of  the  shell  are  usually  breed 
characteristics  and  may  be  used  to  determine  the  kind  of  fowl  that  laid 
the  egg.  Sometimes  fowls  lay  eggs  which  have  abnormal  shells  because 
there  is  a  deficiency  in  lime  due  to  improper  feeding.  In  this  case  the  egg? 
are  not  likely  to  hatch  well  or  to  produce  strong  chickens  if  they  should 
hatch.  Only  those  eggs  that  are  perfect  in  the  size,  shape,  color,  and 
texture  characteristic  of  the  breed  should  be  used  for  hatching  purposes. 
A  hen  is  likely  to  produce  eggs  which  in  every  respect  are  similar  to  the 
egg  from  which  she  herself  was  hatched. 

(d)  The  kinds  of  eggs  laid  by  the  different  species,  breeds  and  varieties. 
Cover  the  label  which  tells  the  kind  of  fowl  that  laid  the  egg  and 

give  each  egg  a  number.  * 

Hand  each  pupil  a  paper  on  which  to  write  the  number  of  each  egg 
and  the  name  of  the  fowl  that  laid  it.  The  papers  can  then  be  corrected 
by  permitting  the  pupils  to  exchange  papers  and  mark  "  correct "  or  "in- 
correct '*  as  the  teacher  holds  up  the  egg  to  the  class  and  gives  the  name 
of  the  fowl  that  laid  it. 
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viii.  the  parts  of  an  egg 
James  E.  Rice 

Object, —  To  teach  the  structure  and  function  of  the  egg^  to  demon- 
strate natural  physical  laws  which  are  there  illustrated,  and  to  train  the 
pupil  in  accuracy  of  observation. 

Suggestions  to  the  teacher, —  This  practical  exercise  can  best  be  given 
by  affording  each  pupil  an  opportunity  to  observe  for  himself  the  points 
to  be  brought  out  in  the  lesson.  This  can  be  accomplished  in  progressive 
steps  by  a  statement  of  the  things  to  be  done  and  to  be  observed.  Later, 
the  observation  can  be  aided  by  blackboard  or  chart  illustration  showing 


CHALA2 


co«cti 


^•^yc 


Fig.  89. — Diagram  of  a  hen's  egg  in  longitudinal  section 

roughly  in  colors  the  structure  of  the  egg,  with  a  printed  word  description 
by  which  the  pupil  may  compare  and  correct  his  drawings. 

Materials. —  Each  pupil  should  be  supplied  with  two  eggs,  one  with 
light  shell,  the  other  with  dark  shell,  if  possible;  two  saucers;  one  draw- 
ing pencil ;  one  box  of  colored  lead  pencils ;  and  a  knife. 

For  the  general  use  of  the  class  there  should  be  a  good  lens ;  an  alcohol 
lamp  and  kettle,  or  other  facilities  for  boiling  eggs ;  an  egg-tester ;  black- 
board and  color  crayons;  and  preferably  also  a  chart  showing  an  en- 
larged, longitudinal  section  of  the  egg,  with  its  various  parts  in  colors. 

An  egg-tester  can  be  made  by  placing  a  lamp  with  chimney  in  a  box 
with  a  hole  slightly  smaller  than  the  egg  cut  through  the  side.  By  placing 
an  egg  over  the  opening,  in  a  darkened  room,  the  interior  of  the  egg  can 
be  plainly  seen.    The  same  result  can  be  accomplished  without  an  egg- 
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tester  by  enveloping  the  egg  in  the  hands  in  a  darkened  room  and  looking 
at  the  sun  through  a  small  opening  in  a  curtain. 

Any  teacher  who  is  unable  to  secure  the  above  materials  should  take 
such  parts  of  the  lesson  as  he  can  teach  with  the  material  that  is  avail- 
able. We  have  tried  to  make  the  requirements  very  simple,  but  if  teachers 
cannot  meet  them,  the  greater  part  of  the  lesson  can  be  given  without 
them. 

1.  Strength  of  the  egg  shell, —  Let  each  student  hold  a  hard-shelled 
egg  between  the  clasped  hands,  the  end  of  the  egg  in  the  hollow  of  the 
hand,  and  try  to  break  it. 

Observe  the  great  strength  of  the  egg  due  to  the  arrangement  of  the 
particles  of  the  shell  in  an  arch  similar  to  the  stones  or  bricks  in  the  arch 
of  a  bridge. 

This  arrangement  gives  the  egg  greater  resistance  against  injury  to  the 
shell,  or  to  the  chick  which  is  developing  within  the  tgg. 

2.  The  contents  of  an  uncooked  egg. — (a)  Break  a  fresh,  uncooked 
egg  in  a  saucer  by  separating  the  shell  in  the  middle. 

Observe  the  "  germinal  disc,"  which  appears  as  a  light-colored  spot 
usually  to  be  found  on  the  upper  surface  of  the  yolk. 

The  germinal  disc  contains  the  life  principle  of  the  egg.  On  the  upper 
surface  it  remains  in  close  contact  with  the  source  of  heat  which  is  from 
above  during  natural  incubation. 

(b)  Note  the  "  chalaza,"  or  the  whitish  cords  of  denser  albumen  on 
the  sides  of  the  yolk  toward  either  end  of  the  egg.  These  cords  of  denser 
albumen  serve  to  keep  the  yolk  properly  suspended  within  the  albumen. 
Thus  the  chick  which  develops  on  the  upper  surface  of  the  yolk  is  pro- 
tected from  injury,  if,  through  rough  handling,  it  should  come  in  contact 
with  the  shell. 

(c)  Note  the  transparent,  watery  appearance  of  the  albumen  (white 
of  the  egg). 

The  albumen  supplies  in  liquid  form  the  food  by  which  the  chick  grows 
within  the  shell. 

(d)  Examine  the  shell  and  note  the  air  space  usually  found  near  the 
large  end.  Observe  the  brittleness  of  the  shell,  and  the  two  lough  mem- 
branes best  observed  at  the  air  space,  where  they  separate. 

The  air  space  furnishes  a  readily  available  supply  of  fresh  air  to  the 
embr}'o  chick.  The  two  membranes  prevent  the  too  rapid  evaporation 
of  moisture  through  the  pores  of  the  shell,  but  allow  oxygen  to  enter  the 
egg  and  carbon  dioxid  to  pass  out. 

(e)  By  placing  a  section  of  the  shell  under  the  lens,  indentations  or 
pores  in  the  shell  may  be  observed. 
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These  thinner  parts  permit  the  gases  to  pass  more  readily  through  the 
shell  If  the  pores  of  the  shell  are  closed  by  oil,  varnish,  dirt,  or  broken 
egg,  the  pores  will  be  closed  and  the  chick  smothered. 

(/)  Note  the  pigment  of  the  shell,  which  gives  to  each  egg  its  charac- 
teristic color. 

Observe  in  nature  how  the  first  eggs  laid  for  a  brood  are  more  pro- 
nounced in  color,  and  how  the  color  pigment  decreases  with  each  egg  that 
is  laid,  due  to  exhaustion  of  the  supply. 

3.  The  contents  of  a  boiled  egg. —  Crack  carefully,  on  the  large  end, 
the  shell  of  a  hard-boiled  egg ;  remove  the  shell  carefully  piece  by  piece 
to  avoid  tearing  the  shell  membrane. 

(a)  Observe  the  air  space  and  the  two  membranes,  which  are  sepa- 
rated with  difficulty.  Note  that  the  outer  membrane  is  the  thicker  and 
tougher. 

(b)  Cut  the  egg  lengthwise  through  the  middle.  Observe  the  lighter- 
colored  flask-shaped  center  of  the  yolk  and  the  darker  yolk  arranged 
around  it  in  concentric  layers.  Note  the  "  germinal  vesicle ''  or  "  germinal 
disc*'  on  the  upper  side  of  the  yolk  and  at  the  upper  part  of  the  light 
yolk.  Observe  that  the  yolk  is  at  one  side  and  not  in  the  center  of  the 
white  of  the  egg.  This  is  because  the  yolk  is  lighter  in  weight  than  the 
albumen  and  hence  floats.  The  germinal  disc  is  lighter  than  the  dark 
yolk. 

The  chemical  composition  of  the  dry  substance  of  the  inside  of  the  egg 
is  (Snyder:  Poultry  Book,  page  i88)  : 

Protdn  Pat 

White  (albumen,  white  of  the  egg) 88.92  .53 

Yolk.  .  - 20.62        64.43 

It  will  be  seen  that  there  is  a  large  amount  of  fat  in  the  yolk  and  almost 
no  fat  in  the  albumen.  Fat  is  lighter  than  albumen,  hence  rises  to  the 
surface.  This  may  be  observed  in  practice  by  holding  a  fresh  egg  in  front 
of  an  egg-tester  and  noting  the  tendency  of  the  yolk  to  float  upward. 

This  tendency  of  the  yolk  to  float  to  the  surface  makes  it  necessary 
frequently  to  turn  eggs  which  are  kept  for  hatching,  otherwise  the  yolk 
will  rise  until  the  germinal  disc  comes  in  contact  with  the  shell  mem- 
brane, which  becomes  dry  by  evaporation  and  allows  the  vitelline  mem- 
brane to  adhere  to  the  shell  and  thus  become  ruptured,  killing  the  germ 
when  the  egg  is  moved. 

4.  Review, —  Make  a  drawing,  longitudinal  section  (the  outline  of  an 
egg  ij4  times  natural  size,  directly  from  the  egg  itself)  showing: 

(a)  The  shell  and  its  pores.  (&)  The  two  shell  membranes  turned 
back  from  the  shell,     (c)    The  air  space,     (d)    The  three  layers  of  albu- 
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men.  (e)  The  vitelline  membrane  surrounding  the  yolk.  (/)  The 
vitellus  contained  within  the  vitelline  membrane,  (g)  The  light  yolk 
and  the  dark  yolk  showing  its  concentric  layers.  (A)  The  germinal  disc 
(i)  The  chalaza  ("  hammock  cords"). 

DefiniHons 

Vitelline  membrane  —  A  delicate,  film-like  skin  which  encloses  the 
liquid  part  of  the  yolk  of  the  tgg, 

Vitellus  —  The  yellowish-like  substance  within  the  yolk  of  an  egg— 
enclosed  by  the  vitelline  membrane. 

Embryo  —  The  young  chick  in  the  first  stages  of  development,  before 
it  leaves  the  shell. 

Concentric  layers  —  Thin  layers  of  yolk  substance  of  different  shades 
appearing  to  be  arranged  in  rings,  one  within  the  other,  whichever  way 
the  yolk  of  a  hard-boiled  ^gg  is  divided. 

Incubation  —  The  process  of  development  of  a  chick  within  the  egg, 
requiring  heat,  moisture,  and  air.* 

Chalaza — A  twisted  band  of  thickened  albuminous  substance  (white 
of  egg)  to  be  found  attached  to  the  yolk  for  the  purpose  of  keeping  it 
properly  suspended. 

Shell  membrane  —  Two  thin,  skin-like  tissues  which  line  the  inside  sur- 
face of  the  shell  of  the  tgg. 

Germinal  vesicle,  germinal  spot,  germinal  disc  —  The  part  of  the  yolk 
of  an  egg  undergoing  incubation,  which  contains  the  first  traces  of  the 
developing  chick. 

Editor's  Note. — We  were  in  doubt  as  to  the  advisability  of  publish- 
ing the  foregoing  lesson  on  "  The  Parts  of  an  Egg,*'  thinking  that  per- 
haps the  technical  terms  used  might  be  confusing  to  boys  and  girls.  An 
experiment,  however,  with  this  lesson  demonstrated  how  exceedingly  in- 
teresting it  is  to  young  persons  in  the  advanced  grades  and  in  high  school. 
We  therefore  publish  it,  hoping  that  no  teacher  will  attempt  to  give  the 
lesson  who  is  not  teaching  advanced  pupils. 

In  my  own  teaching  I  never  found  difficulty  in  having  children  nse 
words  with  which  they  were  not  familiar.  In  fact,  I  think  it  wise  to 
add  to  the  vocabulary  whenever  we  can,  and  I  have  found  very  often  that 
a  new  word  carries  with  it  new  interest. 

The  lesson  on  "  The  Parts  of  an  Egg,"  should  not  be  given  unless  the 
teacher  has  actual  material  for  the  demonstration.  The  ideal  lesson 
would  be  to  have  each  pupil  supplied  with  two  eggs  as  suggested  on 
page  137. 
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THE  HEN 

Anna  Botsford  Comstock 

'NOWLEDGE  of  our  domestic  fowl  leads  us 
to  believe  it  is  descended  from  the  jungle 
fowl  of  Asia,  which,  although  a  ground 
bird,  has  a  powerful  flight.  Ages  of  disuse 
•  of  its  wings,  however,  have  robbed  our 
barnyard  fowl,  to  a  great  extent,  of  the  ability 
to  fly;  moreover,  the  hen  has  been  bred  for 
food  until  she  has  attained  too  great  weight 
to  be  carried  by  her  wings. 
It  is  the  hen's  nature  to  scratch  for  a  living.  For 
til  is  purpose  her  legs  are  strong  and  protected  by 
horny  scales,  and  her  flexible  toes  are  armed  with 
horny  claws.  Her  beak  is  also  strong  and  horny, 
so  that  she  is  able  to  extract  fro  n  the  earth  the  in- 
sect or  seed  there  hidden.  She  does  not  need  teeth, 
since  she  swallows  her  food  whole  and  it  is  ground  fine  in  her  gizzard. 
The  hen  also  uses  her  beak  as  a  weapon  of  offense  and  defense. 

The  hen  can  run  rapidly.  The  track  she  makes  shows  four  toes,  one 
projecting  backward  and  three  forward.  The  long  hind  toe  enables  her 
to  retain  her  hold  on  the  perch  when  she  sleeps ;  the  bending  of  her  legs  as 
she  settles  down  on  the  perch  flexes  her  toes  inward  and  downward,  and 
thus  they  grasp  the  perch  mechanically  while  she  rests. 

The  hen's  nostrils  are  two  small  holes  near  the  base  of  the  beak.  She 
probably  has  not  a  keen  sense  of  smell.  Her  hearing,  however,  like  that 
of  all  birds,  is  very  acute.  The  ears  in  some  varieties  of  fowl  are  mere 
openings  in  the  head,  more  or  less  covered  with  feathers,  though  some 
breeds  have  ear-lobes  which  seem  to  be  more  ornamental  than  useful.  The 
hen  can  see  well.  She  is  able  to  make  her  eyes  far-sighted  or  near-sighted 
at  will,  to  serve  her  when  scratching  for  seeds  at  her  feet  or  when  watch- 
ing for  hawks  in  the  sky.  Her  eyes  are  at  the  sides  of  the  head,  and  she 
has  a  habit  of  reinforcing  the  judgment  of  one  eye  by  bringing  the  other 
to  bear  on  any  object  in  view.  The  iris  is  usually  yellow,  the  pupil  black 
and  round.  When  she  winks,  it  is  the  lower  lid  which  covers  the  eye ;  and 
when  she  is  dozing  a  thin  film-lid  slips  over  the  eye  from  its  inner  corner. 
Birds  are  the  only  creatures  clothed  in  feathers,  a  covering  superior 
to  hair  and  fur,  since  it  gives  them  the  power  of  flight.  The  feathers  on 
different  parts  of  the  fowl  differ  much  in  size  and  form.    The  feathers 
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on  the  back  form  a  roof ;  they  are  closely  webbed,  overlap  like  shingles, 
and  have  pointed  tips.  The  plumage  on  the  breast  is  softer,  and  each 
breast  feather  is  closely  webbed  at  its  tip  and  fluffy  at  its  base.  The 
fluff,  being  next  to  the  skin,  helps  to  retain  the  heat  of  the  body.  This 
fluff,  commonly  called  down,  is  the  only  covering  of  little  chicks.  The 
fluff  has  no  quill.  When  new  feathers  come,  either  on  the  chick  or  on 
the  hen,  they  are  called  pin  feathers,  because  they  are  enclosed  in  a 
pointed  sheath.  To  make  her  coat  water-proof,  the  hen  possesses  on  her 
back,  near  the  tail,  an  oil  gland  from  which  she  squeezes  the  oil  with 
her  beak  and  applies  it  to  her  feathers. 

The  feathers  of  the  wing  are  wonderfully  adapted  to  their  service. 
The  strong  shaft  of  each  is  slightly  curved  and  has  a  tightly  knit  web, 
which  enables  it  to  press  down  on  the  air.  When  a  bird  starts  to  fly  it 
beats  its  wings  very  rapidly;  thus  the  curving  under-surfaces  catch  the 
air  like  an  umbrella  and  lift  the  bird  upward.  While  the  lifted  wings 
are  carrying  the  bird,  the  tail  acts  as  a  rudder,  by  which  the  bird  may 
steer  itself  in  any  direction.  For  this  purpose  the  tail  feathers  have  a 
different  shape  and  texture  from  those  on  the  wings.  They  are  straight- 
shafted  with  the  webs  equal  on  both  sides. 

The  feathers  on  the  barnyard  fowl  are  not  only  a  protection  from  the 
rain  and  cold  and  of  use  as  organs  of  flight,  but  they  also  make  the  bird 
beautiful.  The  rooster's  long  curling  plumes  and  handsome  collar  feathers 
add  much  to  his  beauty,  and  secure  for  him  the  admiration  of  his  flock. 

In  the  early  spring  the  hen  begins  to  lay  eggs  regularly,  one  each  day. 
announcing  the  fact  with  triumphant  cackling.  She  will  make  her  own 
nest  on  the  ground  if  we  do  not  provide  her  with  one  in  the  poultry 
house.  When  sitting,  she  seldom  allows  her  eggs  to  become  cold;  she 
turns  them  daily  by  pushing  them  with  her  breast  and  her  beak ;  she  leaves 
the  nest  for  food  and  drink,  usually  twice  a  day.  The  incubation  lasts 
about  twenty-one  days. 

The  chick  has  on  the  upper  tip  of  its  beak  a  small,  homy  tooth  with 
which  it  breaks  through  its  shell.  Soon  after  birth  this  tooth  disappears. 
When  the  chick  leaves  the  egg  it  is  covered  with  down,  and  is  active, 
bright-eyed,  and  alert,  ready  to  follow  its  mother  anywhere  in  search  of 
food.  It  is  very  different  in  appearance  and  actions  from  the  young 
robin,  which  is  blind  and  naked  and  is  nourished  by  the  food  brought 
by  its  parents.  When  the  chick  is  young  it  sleeps -under  its  mother's 
wing,  but  as  it  grows  up  it  roosts  on  trees  or  perches  and  tucks  its  head 
beneath  its  wing. 

The  conversation  of  the  barnyard  fowls  is  rather  extended.  The  hen 
clucks  to  her  chicks  and  they  answer  by  peeping.    When  she  sees  a  hawi- 
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or  any  other  peril  she  warns  her  brood  by  a  peculiar  note,  which  causes 
every  chick  to  run  to  cover  and  remain  motionless.  When  a  chick  is  lost 
its  peep  is  loud  and  pitiful;  when  it  cuddles  under  its  mother's  wing  its 
note  is  full  of  contentment.  The  hen's  spring  song  is  one  of  the  most 
joyous  sounds  of  nature.  Her  triumphant  cackle  over  the  newly  laid  tgg 
is  quite  different  from  her  cackle  that  results  from  surprise ;  when  she  is 
very  much  afraid  she  squalls ;  and  when  grasped  by  the  enemy  she  utters 
loud  squawks.  The  rooster  crows  to  assure  his  flock  that  all  is  well  and 
to  challenge  other  roosters.  When  hens  take  their  dust  baths  together 
they  seem  to  gossip  with  each  other.  These  dust  baths  are  very  essential 
to  the  good  health  of  fowls  kept  in  close  yards.  They  help  to  relieve  the 
fowls  of  vermin  and  to  cleanse 
their  skin,  for  hens  are  not 
water  bathers,  as  are  the 
song  birds. 

When  roosters  fight  they 
confront  each  other  with 
lowered  heads,  and  use 
their  beaks,  wings,  and 
leg-spurs  as  weapons. 

The  Hen 
Observations  by  pupils, — 

1.  Can  a  hen  fly  like  a  robin 
or     swallow?     If     not,     why? 

Where   does   the   hen   find   her  p^^  00— ,4  d  nk'n    tlace 

food?    Where    does    the    swal- 
low find  its  food?     Does  the  hen  need  to  fly  like  the  swallow? 

2.  What  tools  has  the  hen  for  getting  her  food? 

3.  Why  are  her  toes  so  long  and  strong  ?  Why  have  they  horny  claws 
at  their  tips?  What  covering  protects  the  feet  and  legs?  How  are  the 
feet  and  legs  fitted  for  scratching  the  soil  ? 

4.  After  the  hen  has  found  the  insect  or  seed  by  scratching  in  the  earth, 
with  what  does  she  seize  it?  How  is  the  beak  fitted  by  size,  shape  and 
covering,  to  secure  the  food? 

5.  Has  the  hen  any  teeth  ?  How  is  the  food  ground  fine  for  digestion  ? 
Does  she  need  any  teeth  ?  Why  is  it  necessary  to  feed  "  grit "  or  small 
gravel  stones  to  fowls  kept  in  close  yards  ?  Does  the  hen  use  her  beak  for 
anything  else  than  picking  up  food? 

6.  Can  a  hen  run  rapidly?  Note  how  the  hen  uses  her  wings  in  run- 
ning.   What  sort  of  track  does  she  make  in  mud  or  snow?    Make  a 
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sketch  of  the  track  of  a  hen.  How  many  toes  show  in  the  track?  Nmn- 
bering  her  toes  with  the  hindmost  projecting  toe  as  first,  how  many 
toes  has  she  ? 

7.  Where  does  the  hen  sleep?  How  does  she  keep  her  hold  on  the 
perch  while  sleeping  ? 

&  Can  you  see  the  hen*s  nostrils?  Are  they  large?  Describe  the  sur- 
face surrounding  them.  Do  you  think  that  the  hen  has  a  keen  sense 
of  smell?    Why? 

9.  Has  a  hen  ears?  Where  are  they  and  how  do  they  look?  Have 
they  lobes,  and,  if  so,  do  you  think  these  lobes  are  ornamental  or  an 
aid  to  hearing? 

10.  What  is  the  color  of  the  hen's  eyes?  What  is  the  shape  of  the 
pupil  ?  How  does  the  hen  wink  ?  Can  you  see  a  little  film-lid  come  out 
of  the  corner  of  the  eye  and  cover  it  when  she  is  drowsy?  Do  you  think 
the  hen  can  see  far  and  well?  How  far  off  can  she  see  a  hawk?  Can 
she  see  an  object  with  both  eyes  at  once?  Why  does  the  hen  turn  her 
head  first  this  way  and  then  that  when  looking  at  you  ?  What  advantage 
is  it  to  the  hen  to  have  her  eyes  directed  sidewise  instead  of  both  focusing 
in  the  same  direction? 

1 1.  How  does  the  covering  of  birds  differ  from  the  covering  of  animals  ? 
Study  a  feather  and  learn  the  shaft  or  quill,  the  web,  the  fluff,  the  barbs, 
and  the  barbules.  If  you  have  a  microscope,  or  even  a  good  double  lens, 
examine  a  wing  feather  and  see  the  little  hooks  on  the  barbules  which 
hold  the  web  together.     (See  Poultry  Lessons.) 

12.  How  are  the  feathers  arranged  on  the  back  of  a  hen?  Why? 
How  does  the  hen  look  when  standing  in  the  rain? 

13.  How  are  the  feathers  arranged  on  the  breast?  Compare  a  feather 
from  the  back  with  a  breast  feather  and  note  the  difference. 

14.  Are  both  ends  of  a  breast  feather  alike,  and  if  not,  what  is  the 
difference?  Is  the  fluff'y  part  on  the  outside  or  next  to  the  bird's  skin? 
Why?    Why  is  the  smooth  part  of  the  feather  on  the  outside? 

15.  When  feathers  are  all  fluff  what  are  they  called?  At  what  age 
is  a  fowl  entirely  covered  with  down? 

16.  What  is  a  pin  feather? 

17.  How  do  hens  keep  their  feathers  oily  so  that  they  will  shed  water? 
Where  does  the  hen  get  the  oil  ?  Describe  how  she  oils  her  feathers  and 
which  ones  she  oils  most.  Is  she  likely  to  oil  her  feathers  just  before 
a  rain? 

18.  When  you  have  an  opportunity,  look  at  a  fowl  all  plucked  ready 
for  market  or  oven,  and  see  how  the  wings  of  a  bird  correspond  with 
the  front  legs  of  an  animal  or  the  arms  of  a  human  being. 
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19.  Examine  the  wing  of  a  hen  with  the  feathers  on.  How  are  the 
feathers  arranged  to  press  down  on  the  air  ?  How  does  a  bird  lift  itself 
in  the  air  when  it  starts  to  fly  ?  What  does  the  wing  press  against  ?  Can 
you  press  against  air?  If  you  carry  an  umbrella  on  a  windy  day,  which 
catches  more  wind,  the  upper  or  the  under  side?  Why?  How  does  the 
wing  of  a  bird  correspond  to  the  umbrella  ? 

20.  Examine  a  wing  feather.  Are  the  barbs  equally  long  on  each  side 
of  the  quill?  Is  the  wing  feather  curved?  Is  the  concave  or  convex 
side  uppermost  on  the  wing?  Why?  Which  way  does  the  feather  bend 
most  easily? 

21.  If  the  bird  flies  by  pressing  its  wings  against  the  air  on  the  down 
stroke,  why  does  it  not  push  itself  down  on  the  up  stroke? 

22.  Look  at  a  tail  feather  and  see  how  it  differs  from  a  wing  feather. 
Does  a  hen,  when  she  is  flying,  keep  her  tail  closed  or  open  like  a  fan? 
Have  you  ever  seen  a  young  robin,  with  tail  not  yet  grown,  try  to  fly? 
How  did  it  act  ?  Do  you  think  a  bird  could  sail  througli  the  air  if  it  had 
nothing  to  steer  with  ?     What  is  the  bird's  tail  used  for  ? 

23.  Are  the  feathers  of  the  hen  beautiful  in  color?  Which  is  the 
more  handsome,  the  hen  or  the  rooster?  Note  the  difference  in  shape 
and  color  of  the  tail  feathers  of  hen  and  rooster.  Do  the  graceful,  curv- 
ing plumes  in  the  tail  of  the  rooster  help  him  any  in  flight?  Are  they  stiff 
enough  to  act  as  a  rudder?  If  they  are  of  no  use  in  flight,  nor  in  keeping 
him  warm,  nor  in  keeping  off  the  rain,  then  what  are  these  beautiful  plumes 
for?  Is  the  rooster's  plumage  beside  the  tail  ornaments  more  beautiful 
than  the  hen's  ? 

24.  Name  all  the  ways  in  which  feathers  are  useful  to  the  hen. 

25.  Observe  the  combs  and  wattles  of  the  rooster  and  the  hen.  In 
which  are  they  the  most  showy? 

THE  HABITS  OF  THE  HEN 

Observations  by  pupils, — 

1.  At  what  time  of  year  does  the  hen  naturally  lay  the  most  eggs? 
How  many  does  she  lay  in  one  day  ?  When  would  she  naturally  stop  lay- 
ing?    How  does  she  announce  to  the  world  that  she  has  laid  an  egg? 

2.  How  does  a  hen  make  her  nest  if  we  do  not  make  it  for  her?  How 
many  eggs  can  she  sit  on  at  once  ?  How  does  she  care  for  her  eggs  when 
she  is  sitting?  How  often  does  she  come  off  her  nest  while  sitting?  How 
long  does  it  take  her  eggs  to  hatch  ? 

3.  How  does  the  chick  get  out  of  the  egg-shell  ?  For  what  purj)ose 
is  the  little  tooth  on  the  tip  of  the  young  chick's  beak?  What  becomes 
of  this  tooth? 
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4.  What  is  the  difference  between  the  covering  of  a  chick  and  of  a 
hen?    The  chick  has  wings  —  can  it  fly?    Why  not? 

5.  How  does  the  newly-hatched  chick  differ  in  appearance  from  the 
young  robin  ?  Which  is  the  stronger  and  more  active  ?  Where  and  how- 
does  the  young  chick  get  its  food  ?  Where  and  bow  does  the  young  robin 
get  its  food  ?    Where  does  the  chick  sleep  at  night  ? 

6.  What  noise  does  the  chick  make  when  following  the  mother  hen? 
When  lost  ?   When  frightened  ?    When  cuddling  under  the  mother's  wing  ? 

7.  What  noises  does  the  hen  make  when  with  her  brood?  WTien  she 
finds  food  for  them?  When  she  sees  a  hawk?  How  do  the  chickens 
obey  their  mother's  call  ? 

8.  How  does  a  hen  drink?  Why?  Does  a  pigeon  drink  in  this  way? 
Do  other  birds? 

9.  Note  how  a  hen  expresses  suspicion,  fright,  terror,  and  happiness. 

10.  How  do  hens  fight?  How  and  with  what  weapons  do  roosters 
fight? 

11.  What  is  the  chief  note  of  the  rooster?  When  does  he  crow  and 
why?    Note  other  sounds  made  by  a  rooster. 

12.  Describe  how  a  hen  dusts  and  suns  herself.    Why  does  she  do  this? 


Wift  Ifftur— '*3lt  itf  ixadi  to  stt  Jtittolt'B  ffttiB  (tfrftiito  stdi  BnralrliUig  ftft  gmaadL 
nrvrr-fattittQ  l^ndlli  tl^  mtg^nUX  Soni  ttft  atrk  l^tt  U  «o  tiatnraUg  strk — likr  «  srrrn 
Iraf  tiunhiQ  to  luiiuiu.  Na  tttonbtr  nun  Umt  to  Ipvtt  ffttiB  aliiittt  t^fia  att2i  Iftwr  ttftir  rmk' 
too  ttotr.    0^  ar»  ntrti  UgittQ  tg^B  frmn  ttnif  to  tttttt  otUl — ftft  uuiiigg|iaUtog  rarr." 

Thoreau,  Journal 
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BIRD  STUDY 
release 

One  day 

I  went 

To  the  fields  to  rest. 

The  sun 

Hung  low 

On  the  rim  of  the  West. 

•A  sparrow 
Chirped 
As  it  dropped  to  its  nest. 

And  my  soul 

Had  found 

The  boon  of  its  quest.  —  L.  H,  B. 

NOTES 
The  Editor 

I  OR  boys  and  girls  the  study  of  birds  always  has  an 
_  interest.     It  would  be  well  for  teachers  to  place 

\w^       1  ly^        ^"   ^^^  blackboard   a   list   of   the   birds   to   be 

^^^^S^J      ^Bf  studied    this    year.     Have    the    children    know 

^■^^■ll^r      something  about  the  birds  in  this  list  and  encourage 
^^^^Hp  them  to  make  observations  of  them  on  the  way  to 

and  from  school.  A  blank  book  might  be  kept  on 
the  teacher's  desk  in  which  the  children  are  encouraged  to  write  new 
observations  on  the  birds,  to  be  preserved  for  the  benefit  of  school  chil- 
dren in  the  future  who  may  use  it  for  a  reference  book.  In  it  might  be 
kept  any  pictures  of  the  birds  that  the  children  find. 

A  good  field-glass  for  the  school  will  be  a  great  incentive  to  bird  study. 
One  can  be  purchased  by  teachers  for  twelve  dollars.  This  field-glass 
should  be  used  as  reward  for  good  work,  allowing  the  most  diligent  boy 
or  girl  to  go  out-of-doors  for  an  hour,  make  observations,  and  report  at 
the  close  of  the  day. 

There  is  some  danger  at  the  present  time  of  having  the  children  do 
so  much  detailed  work  in  nature-study  that  they  lose  the  large  and  spirited 
love  of  the  x)ut-of-doors.     Observation  should  be  encouraged,  not  forced. 
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One  of  the  best  means  for  the  protection  of  birds  is  to  teach  boys  and 
girls  to  attract  and  to  take  care  of  them.  Encourage  the  children  to  build 
bird  houses ;  to  leave  water  in  a  convenient  place 
for  the  birds;  to  fasten  suet  or  beef  fat  to  i::e 
limbs  of  trees  for  food;  to  plant  shrubber}-  that 
will  produce  berries  for  food ;  to  plant  evergreen^ 
for  shelter  in  winter ;  to  protect  birds  from  cat- 
and  other  enemies ;  to  seek  friendly  relations  with 
the  more  sociable  birds ;  to  learn  to  whistle  bL-i 
notes. 

Fig.  91— a  bird  house  The  descriptions  in  this  Leaflet  of  the  birds  to 
that  boys  can  make  ^^  recognized  in  1911-12  were  prepared  by  Mr. 
Arthur  A.  Allen.  All  descriptions  have  been  made  as  simple  as  possible 
so  as  not  to  confuse  persons  who  are  making  a  beginning  in  bird  study. 
A  valuable  school  exercise  for  boys  and  girls  is  to  commit  to  memory 
literary  selections,  either  prose  or  poetry.  In  the  following  pages  are  some 
quotations  that  they  will  enjoy. 


BIRDS  TO  BE  RECOGNIZED  IN  1911-12 

• 

Robin. —  Size :  This  bird  is  used  as  one  of  the  standards  for  com- 
parison.    It  is  about  ten  inches  long. 

General  color :  Above  grayish  slate ;  under  parts,  except  middle  of 
lower  belly,  reddish  or  rusty. 

To  memorize. —  "  The  drifts  along  the  fences  are  settling.  The  brooks 
are  brimming  full.  The  open  fields  are  bare.  A  warm  knoll  here  and 
there  is  tinged  with  green.  A  smell  of  earth  is  in  the  air.  A  shadow- 
darts  through  the  apple  tree :  it  is  the  robin ! 

Robin!  You  and  I  were  lovers  when  yet  my  years  were  few.  We 
roamed  the  fields  and  hills  together.  We  explored  the  brook  that  ran  up 
into  the  great  dark  woods  and  away  over  the  edge  of  the  world.  We 
knew  the  old  squirrel  who  lived  in  the  maple  tree.  We  heard  the  first 
frog  peep.  We  knew  the  minnows  that  lay  under  the  mossy  log.  We 
knew  how  the  cowslips  bloomed  in  the  lushy  swale.  We  heard  the  first 
soft  roll  of  thunder  in  the  liquid  April  sky. 

Robin !  The  fields  are  yonder !  You  are  my  better  self.  I  care  not 
for  the  birds  of  paradise ;  for  whether  here  or  there,  I  shall  listen  for  your 
carol  in  the  apple  tree." — L.  H.  Bailey 

Digitized  by  GOOglC 


Rural  School  Leaflet  993 

Yellow  warbler. —  Size :    Smaller  than  a  sparrow. 

General  color:  Yellow  above  and  below,  tinged  with  greenish  above. 
The  male  has  a  few  chestnut  streaks  on  the  breast. 

Distinctive  features :  The  absence  of  black  in  the  plumage  will  dis- 
tinguish this  from  the  other  yellow  birds. 

The  yellow  warbler  is  known  to  most  boys  and  girls.  They  call  it  the 
wild  canary.  Contrary  to  the  habits  of  warblers  this  bird  has  confidence 
enough  in  man  to  build  its  nest  near  our  homes  in  shrubbery  or  shade 
trees. 

Whenever  possible  teachers  should  impress  on  the  minds  of  children 
the  ways  in  which  naturalists  have  gained  the  confidence  of  wild  birds. 
For  a  language  exercise  ask  them  to  find  out  what  birds  will  build  nests 
in  the  gardens  and  orchards  and  what  materials  are  used  for  nest-building. 
This  will  be  an  interesting  quest  and  much  can  be  learned  by  the  study  of 
deserted  nests  in  the  neighborhood. 

"  No  longer  now  the  wing'd  habitants, 
That  in  the  woods  their  sweet  lives  sing  away, 
Flee  from  the  form  of  man ;  but  gather  round. 
And  prune  their  sunny  feathers  on  the  hands 
Which  little  children  stretch  in  friendly  sport 
Towards  these  dreadless  partners  of  their  play." — Shelley 
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Fig.  93. — Long-billed  marsh  wren 


"  Ye  marshes,  how  candid  and  sim- 
ple and  nothing-withholding  and 
free 

Ye  publish  yourselves  to  the  sky  and 
offer  yourselves  to  the  sea! 

Tolerant  plains,  that  suffer  the  sea 
and  the  rains  and  the  sun. 

Ye  spread  and  span  like  the  catholic 
man  who  hath  mightily  ivon 

God  out  of  knowledge  and  good  out 
of  infinite  pain 

And  sight  out  of  blindness  and  purity 
out   of  a   stain." — Sidney  Lanier 

Long-billed  marsh  Tvren. —  Size: 
Smaller  than  a  sparrow. 

General  color:  Brown,  lighter 
below. 

Distinctive  features :  Never  found 
away  from  the  marshes.  Its  habit  of 
bending  its  tail  up  over  its  back  will 
distinguish  it  in  such  a  place. 


'*A  day  comes  in  the  springtime 
When  earth  puts  forth  her  powers. 
Casts  off  the  bonds  of  winter 
And  lights  him  hence  with  flowers; 
And  then  by  marsh  and  meadow 
And  by  the  silvery  sea, 
Goes  up  the  red-wings'  chorus : 

On-Caree !" —  Dora  Reed  Goodale 


Rcd'ii'inged  blackbird. —  Size:     Slightly  smaller  than  a  robin. 

General  color :  Black  with  red  shoulder  patches,  bordered  behind  by 
buff.     The  female  is  gray  streaked  with  black.      - 

Distinctive  features :  The  general  color,  with  the  red  shoulder  patches, 
will  distinguish  it. 
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Fig.  94. — Red-winged  blackbird 

'  And  what  if  behind  me  to  zvestzvard  the  wall  of  the  zvoods  stands  high? 
The  world  lies  east:  hozv  ample,  the  marsh  and  the  sea  and  the  sky!" 

Sidney  Lanier 
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The  bobolink. —  Size :    Smaller  than  a  robin,  larger  than  a  sparrow. 

General  color :  Above  black,  marked  with  patches  of  white  and  buff ; 
below  black,  unmarked.  The  female  is  sparrow-like  —  yellowish  brown 
streaked  with  darker. 

Distinctive  features :  The  general  color,  black  with  white  markings  on 
the  upper  parts,  will  distinguish  the  male. 


QUOTATIONS 

**  Bobolink !  that  in  the  meadow, 
Or  beneath  the  orchard's  shadow, 
Keepest  up  a  constant  rattle 
Joyous  as  my  children's  prattle. 
Welcome  to  the  north  again ! 
Welcome  to  mine  ear  the  strain. 
Welcome  to  mine  eye  the  sight 
Of  thy  buff,  thy  black,  and  white. 
Brighter  plumes  may  greet  the  sun 
By  the  banks  of  Amazon  ; 
Sweeter  tones  may  weave  the  spell 
Of  enchanting  Philomel ; 
But  the  tropic  bird  would  fail. 
And  the  English  nightingale, 
If  we  should  compare  their  worth 
With  thine  endless,  gushing  mirth." —  Thomas  Hill 


"  A  flock  of  merry  singing-birds  were  sporting  in  the  grove ; 
Some  were  warbling  cheerily,  and  some  were  making  love ; 
There  were  Bobolincon,  Wadolincon,  Winterseeble,  Conquedle, — 
A  livelier  set  was  never  led  by  tabor,  pipe,  or  fiddle, — 
Crying,  "  Phew,  shew,  Wadolincon,  see,  see,  Bobolincon, 
Down  among  the  tickletops,  hiding  in  the  buttercups  I 
J  know  the  saucy  chap,  I  see  his  shining  cap 
Bobbing  in  the  clover  there  —  see,  see,  see ! " 

The  O' Lincoln  Family,  by  Wilson  Flagg 
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Fig.  9$,— Bobolink 
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"  Robert  of  Lincoln  is  gayly  dressed, 
Wearing  a  bright  black  wedding  coat ; 
White  are  his  shoulders  and  white  his  crest. 

Hear  him  call  in  his  merry  note: 
Bob-o'-link,  bob-o'-link, 
Spink,  spank,  spink ; 
Look,  what  a  nice  new  coat  is  mine. 
Sure  there  was  never  a  bird  so  fine. 

Chee,  chee,  chee. "—W^iV/iam  Cullen  Bryant 


Red-eyed  znreo.  —  Size: 
About  the  size  of  a  spar- 
row. 

General  color :  Above, 
green ;  below,,  white. 

Distinctive  features:  A 
black  line  from  the  bill 
through  the  eye,  with  a 
light  line  above  it,  together 
with  the  size  and  general 
color,  will  distinguish  this 
bird. 

"May  14.  4-30  A.  M.- 
Up  railroad. 

Hear  and  see  the  red-eye 
on  an  oak.  The  tail  is 
slightly  forked  and  appar- 
ently three-quarters  of  an 
inch  beyond  the  wings ;  all 
Fig.  9^.-Red-eyed  vireo  ^j^j^gj^  beneath.    Hear  and 

see  a  redstart.     Me  thinks  I  did  also  on  the  loth?     The  rhythm  a  littJe 
way  off  is  ah,  tche  tche  tche'-ar/'—  Thoreau,  Journal 

"June  12.    Sunday.     P.  M.— To  Bear  Hill. 

The  red-eyed  vireo  is  the  bird  most  commonly  heard  in   the  ^'oods. 

Thoreau,  Joumai 

"  May  23.     To  Billington  Sea  at  sunrise. 

The  red-eyed  vireo  is  a  steady  singer,  sitting  near  the  top  of  a  tree  a 
long  time  alone,— the  robin  of  the  woods,— as  the  robin  sings  at  morn- 
ing and  evening  on  an  elm  in  the  village."—  Thoreau,  Journal 
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Redstart. —  Size :     Smaller  than  a  sparrow. 

General  color:     Black  above,  including  the  throat,  with  six  orange 
patches,  one  in  each  wing,  one  on  each  side  of  the  base  of  the  tail,  and 

one  on  each  side  of  the  breast.  Under 
parts  white.  The  female  has  the  black 
replaced  by  green  and  the  orange  by 
yellow. 

Distinctive  features:  The  black  and 
orange  color  together  with  the  small  size, 
will  distinguish  it. 


Fig.  97.—  Nesl  of  redstart 


''May  10,  1853. 

I  hear,  and    have  for  a  week  in  the 

woods,  the  note  of  one  or  more  small 

V  fy  birds    somewhat    like    a    yellow-bird's. 

What  is  it?  Is  it  the  redstart?  I  now 
see  one  of  these.  The  first  I  have  dis- 
tinguished. And  now  I  feel  pretty  cer- 
tain that  my  black  and  yellow  warbler  of 

May  1st  was  this.      As  I  sit,  it  inquisitively  hops  nearer  and  nearer.    It  is 

one  of  the  election-birds  of  rare  colors  which  I  can  remember,  mingled 

dark  and  reddish.    This  reminds  me  that  I  supposed  much  more  variety 

and  fertility  in  nature  before  I  had  learned  the  numbers  and  names  of 

each  order.     I  find  that 

I  had  expected  such  fer- 
tility   in    our    Concord 

woods  alone  as  not  even 

the   completest  museum 

of   stuflFed  birds  of   all 

the    forms    and    colors 

from    all    parts    of    the 

world  comes  up  to.     The 

neat  and  active  creeper 

hops   about   the  trunks, 

its  note  like  a  squeaking 

twig.'' 

Thoreau,  Journal 

''June  6.  P.  M.— Up 
Assabet  by  boat  to  sur- 
vey Hosmer's  field.  ^'^-  9».-Redstart 

On  the  Island  I  hear  still  the  redstart  —  tisp  tisp  tisp  tisp,  tist-i-yet,  or 
sometimes  tisp  tisp  tisp  tisp,  tse  vet.    A  young  male.     It  reoeats  J.hi3^ 
at  regular  intervals  for  a  long  time,  sitting  pretty  still  noDi^i^^^d  by^^OOglL 

Thoreau,  Journal 


looo  Rural  School  Leaflet 


Fig.  99. — Humming-bird 

"  Dancer  of  air, 

Flashing  thy  flight  across  the  noontide  hour. 
To  pierce  and  pass  ere  it  is  full  aware 

Each  wondering  flower !  " — Ednah  Proctor  Clark 

Ruby-throated  humming-bird. —  Size:  Smallest  of  our  birds,  much 
smaller  than  a  sparrow. 

General  color:  Above  green,  below  whitish.  The  male  has  an  irides- 
cent ruby  throat. 

Distinctive  features :     The  small  size  and  long  bill  distinguish  it. 

"  May  29,  1857. 

Soon  I  hear  the  low,  all-pervading  hum  of  an  approaching  humming- 
bird circling  above  the  rock,  which  afterward  I  mistake  several  times  for 
the  gruflf  voices  of  men  approaching,  unlike  as  these  sounds  are  in  some 
respects,  and  I  perceive  the  resemblance  even  when  I  know  better.  Now  I 
am  sure  that  it  is  a  humming-bird,  and  now  that  it  is  two  farmers  ap- 
proaching. But  presently  the  hum  becomes  more  sharp  and  thrilling,  and 
tlie  little  fellow  suddenly  perches  on  an  ash  twig  within  a  rod  of  me,  and 
plumes  himself  while  the  rain  is  fairly  beginning.  He  is  quite  out  of  pro- 
portion to  the  size  of  his  perch.     It  does  not  acknowledge  his  weight." 

Thoreau,  Journal 

"July  9,  i860. 

There  is  a  smart  shower  at  5  P.  M.,  and  in  the  midst  of  it  a  humming- 
bird is  busy  about  the  flowers  in  the  garden,  unmindful  of  it,  though  you 
w^oiild  think  that  each  big  drop  that  struck  him  would  h^^SL  serious  xa- 
dent."—  Thoreau,  Journal  Digitized  by  GOOgFe 
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Distinctive  features: 


Owls. —  Size :     Owls  vary  in  size  from  that  of  a  robin  to  much  larger 

than  a  crow. 

General  color:     Most  species  are  grayish  or  brownish;  one  is  nearly 

pure  white. 

All  owls  may  be  distinguished  by  their  eyes, 
which  are  very  large  and  directed  forward 
instead  of  being  on  the  sides  of  the  head  as 
in  other  birds.  The  owl  most  frequently 
seen  is  the  screech  owl.  It  is  much  heavier 
than  a  robin  bat  not  much  larger.  It  may  be 
either  reddish  or  gray  in  color  and  always 
has  two  tufts  of  feathers  which  usually  stand 
erect  on  either  side  of  the  top  of  the  head. 
Other  owls  which  have  these  "  ear-tufts  '*  are 
the  short-eared  owl,  long-eared  owl,  and  the 
great-homed  owl,  but  these  are  all  much 
larger  than  the  screech  owl.  The  owls  with- 
out - "  ear-tufts  "  found  in  New  York  State 
Fig.  loo.— Screech  owl  ^^e  the  little   saw-whet    owl   and   the  large 

barred  and  snowy  owls. 


'  Mourn  not  for  the  owl,  nor  his  gloomy  plight ; 

The  owl  hath  his  share  of  good ; 
If  a  prisoner  he  be  in  the  broad  daylight, 

He  is  lord  in  the  dark  greenwood !  " 

Bryan  Waller  Proctor 


Fig.  1 01  .—On  the  farm 
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THE  DOWNY  WOODPECKER 
Anna  Botsford  Comstock 

We  need  only  to  watch  intelligently  this  little  black  and  %vhite  wood- 
peckdr   two  or   three   days   to  learn   to  call   him    friend, —  and   thus. 
wherever  he  has  lived,  he  has  earned  the  name  of  Friend  E>owny.    lie 
finds  the  codling  moth  hibernating  on  our  apple  trees ;  he  goes  directly 
to  the  wood-boring  beetles  and  their  larvae  in  our  forest  trees ;  and  bes: 
of  all,  he  delights  to  destroy  the  round-headed  apple-tree  borers,  vrhich 
are  so  destructive  to  our  fruit  trees.    Mr.  Vernon  Bailey,  who  took  the 
pains  to  watch  one  woodpecker  for  a  forenoon  just  to  see    what  he 
would  do,  tells  us  that  this  indefatigable  little  bird  climbed  over  an: 
inspected  i8i  woodland  trees  between  9:40  a.  m.  and  12:15  p.  m.,  an*: 
made  26  excavations  for  food.    Most  of  these  holes  exposed  galleries  in 
the  trunks  or  in  the  high  branches,  where  wood-boring  ants  were  hiding. 
Another  downy  was  seen  taking  the  larvae  of  boring  beetles  from  beneath 
the  bark  of  oak  trees.    The  bird  seemed  to  know  the  exact  spK>t  at  which 
to  drill  for  each  larvae,  for  he  always  cut  a  small  hole  directly  over  the 
insect.     Moreover,  this  little  bird  is  so  friendly  that  he  is   willing  :• 
come  and  work  on  our  orchard  and  shade  trees  if  we  only  make  hiir. 
welcome.    He  likes  best  of  all  a  bit  of  suet  tied  to  the  limb  or  tacked 
to  the  trunk  of  a  tree,  and  seems  to  take  that  as  a  sign  of.  our  good  will 
Our  downies  have  so  much  confidence  in  us  that  they  come  to  the  win- 
dow sill  for  their  suet  banquet,  and  refuse  to  be  disturbed  when  we  stand 
within  a  yard  of  them. 

Description, —  The  downy  woodpecker  has  an  attractive  black  and 
white  uniform.  The  front  of  the  head  is  black  and  there  is  a  black 
streak  extending  backward  from  the  eye,  with  a  white  streak  above  and 
another  below  it.  A  broad  stripe  of  white  runs  down  the  center  of 
the  back.  The  wings  are  black  with  many  white  spots.  The  middle  tail 
feathers  are  black,  the  outer  ones  white,  barred  with  black.  The  male 
has  a  vivid  red  patch  on  the  back  of  the  head,  but  his  wife  shows  no 
such  frivolity  in  her  dress,  and  is  content  with  plain  black  and  white. 

When  searching  for  food,  the  downy  woodpecker  alights  low  down  on 
the  tree  trunk  and  climbs  upward  in  a  jerky  fashion.  It  never  runs 
about  over  the  tree,  nor  does  it  turn  around  and  go  down  head  first,  like 
the  nuthatch.  If  it  wishes  to  go  down  a  short  distance,  it  accomplishes 
this  by  a  few  awkward,  backward  hops ;  and  when  it  really  wishes  to 
descend  it  flies  off  and  down.  Like  the  other  woodpeckers,  the  downy 
has  a  special  adaptation  to  enable  it  to  climb  trees  in  its  own  manner. 
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In  order  to  grasp  the  bark  on  the  side  of  a  tree  more  firmly,  its  fourth 
toe  is  turned  backward  to  work  as  companion  with  the  thumb.  Thus  it 
is  able  to  clutch  the  bark  as  with  a  pair  of  nippers,  two  claws  in  front 
and  two  behind.  The  tail  is  also  used  as  a  help  in  ascending  the  tree; 
it  is  rounded  in  shape"  and  the  middle  feathers  have  rather  strong  quills, 
but  the  ends  of  the  tail  feathers  are  provided  with  a  vast  number  of 
bristly  barbs  which,  when  applied  to  the  side  of  the  tree,  act  like  a*  wire 
brush  with  all  the  wires  pushing  downward.  This  explains  why  the 
vroodpecker  cannot  go  backward  with- 
out lifting  the  tail. 

Securing  food,. —  If  Friend  Downy 
has  an  efficient  mechanism  for  climb- 
ing trees,  it  has  a  still  more  wonderful 
mechanism  for  procuring  its  food. 
When  through  its  acute  sense  of  hear- 
ing it  detects  a  grub  in  the  wood  of 
the  tree,  it  seizes  the  bark  firmly  with 
its  feet,  uses  its  tail  as  a  brace,  thrusts 
its  head  and  upper  part  of  the  body  as 
far  back  as  possible,  and  then  drives 
a  powerful  blow  with  its  strong  beak. 
The  beak  is  especially  adapted  for  this 
purpose,  since  it  is  wedge-shaped  at 
the  tip,  and  is  used  sometimes  like  a 
pick.  With  it  a  small  hole  may  be 
drilled  directly  to  the  burrow  of  the 
grub.  When  finally  the  grub  is 
reached,  it  would  seem  impossible  to  Fig-  102.— The  downy  woodpecker 
pull  it  out  through  a  hole  too  small  and  deep  to  admit  of  the  beak  being 
used  as  pincers.  But  the  downy  has  a  tongue  just  fitted  to  pull  the  grub 
through  that  little  hole.  The  tip  of  the  tongue  is  hard  and  horny  and 
is  covered  with  short,  backward-slanting  hooks  which  cause  it  to  act  like 
a  spear  or  harpoon  when  thrust  into  the  grub.  The  tongue  may  be  ex- 
tended far  beyond  the  point  of  the  beak,  as  the  bones  which  support  it 
have  a  very  wonderful  arrangement,  something  like  a  steel  spring. 

The  downies  stay  with  us  all  winter  because  they  find  plenty  of  food 
in  our  trees  and  do  not  need  to  go  South,  as  do  the  birds  which  live  on 
insects  in  their  summer  stages.  This  is  one  reason  why  the  downy  is 
especially  valuable ;  it  works  for  us  the  whole  of  the  year.' 

Drumming. — When  spring  comes,  the  red-capped  downy  thinks  about 
marriage  and  housekeeping.    But  he  is  a  very  limited  vocalist,  and  his 
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sharp  call  could  hardly  be  made  into  a  love  song.  Therefore,  our  downy 
turns  drummer.  John  Burroughs  describes  the  drumming  of  the  wood- 
pecker thus :  "A  few  seasons  ago  a  downy  woodpecker,  probably  the  in- 
dividual one  who  is  now  my  winter  neighbor,  began  to  drum  early  in 
March  in  a  partly  decayed  apple-tree  that  stands  in 'the  edge  of  a  narrow 
strip  of  woodland  near  me.  When  the  morning  was  still  and  mild  I 
would  often  hear  him  through  my  window  before  I  was  up,  or  by  half- 
past  six  o'clock,  and  he  would  keep  it  up  pretty  briskly  till  nine  or  ten 
o'clock,  in  this  respect  resembling  the  grouse,  which  do  most  of  their 
drumming  in  the  forenoon.  His  drum  was  the  stub  of  a  dry  limb  about 
the  size  of  one's  wrist.  The  heart  was  decayed  and  gone,  but  the  outer 
shell  was  hard  and  resonant.  The  bird  would  keep  his  position  there 
for  an  hour  at  a  time.  Between  his  drummings  he  would  preen  his 
plumage  and  listen  as  if  for  the  response  of  the  female,  or  for  the  drum 
of  some  rival.  How  swift  his  head  would  go  when  he  was  delivering 
his  blows  upon  the  limb !  His  beak  wore  the  surface  perceptibly.  WTien 
he  wished  to  change  the  key,  which  was  quite  often,  he  would  shift  his 
position  an  inch  or  two  to  a  knot  which  gave  out  a  higher,  shriller  note." 
The  nest. —  The  downy  builds  its  nest  in  a  hole,  usually  in  a  partlr 
decayed  tree.  An  old  apple  tree  is  the  favorite  site.  It  makes  a  fresh 
excavation  each  year.  It  lays  four  to  six  white  eggs  on  a  bed  of  6nt 
chips  at  the  bottom  of  the  nest.  The  door  to  the  nest  is  a  perfect  circle, 
about  one  and  one-quarter  inches  across. 

Lesson  for  Pupils 

Method. —  Fasten  a  piece  of  beef  fat  on  the  trunk  or  branch  of  a  tree 
which  may  be  seen  from  the  schoolroom  windows.  While  no  birds  may 
come  to  it  at  first,  yet  if  it  is  kept  there  they  will  find  it  The  downy  is 
sure  to  be  one  of  the  visitors  to  this  banquet  table,  and  will  come  every 
day  to  partake.  Place  each  day  a  few  of  the  following  questions  on  the 
blackboard  and  let  the  children  answer  them  from  their  own  observation. 
The  answers  should  be  discussed  during  the  nature-study  lesson. 

Observations, —  i.  Describe  the  colors  of  the  downy  as  follows:  Fore- 
head, the  back  of  the  head,  above  and  below  the  eye,  the  throat,  the  under 
parts,  the  back,  the  wings,  and  the  tail.  Note  especially  the  color  and 
markings  of  the  middle  and  side  tail  feathers. 

2.  Do  all  downy  woodpeckers  have  the  red  patch  at  the  back  of  the 
head?    Which. ones  do  have  it? 

3.  Describe  how  a  downy  climbs  a  tree.  How  does  it  descend?  How 
do  its  actions  in  this  respect  differ  from  those  of  the  nuthatch?  Wiy 
does  the  downy  wish  to  clitnb  a  tree? 

4.  How  are  the  woodpecker's  toes  arranged  so  as  to  a!^  it  in  difito 
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a   tree  trunk?    How  does  this  arrangeirent  of  toes  differ  from  that  of 
other  birds? 

5.  IDoes  the  downy  use  its  tail  to  assist  it  in  climbing?  How  is  the  tail 
fitted  to  assist  in  this  process  ?  Why  does  the  downy  have  to  lift  its  tail 
in   order  to  hop  backwards? 

6.  What  does  the  downy  eat  and  where  does  it  find  its  food  ?  Describe 
how  it  reaches  the  grub  in  the  wood  of  the  tree?  What  is  the  shape  of 
its  bill  and  how  is  it  fitted  for  drilling  a  hole  in  wood  ?  Describe  how  the 
do-wny's  tongue  is  used  to  spear  the  grub. 

7.  Why  does  the  downy  not  go  South  in  winter? 

8.  What  note  has  the  downy  woodpecker?  Does  it  make  any  other 
sound?  Have  you  ever  heard  the  drumming  of  a  woodpecker?  At 
what  time  of  year?  On  what  did  it  drum?  What  did  it  use  for  a  drum- 
stick ?    Why  should  the  downy  wish  to  drum  ? 

9.  Why  do  we  call  this  woodpecker  Friend  Downy?  What  does  it 
do  to  earn  its  title  as  friend?  How  should  we  protect  Friend  Downy 
and  make  conditions  pleasant  for  it  to  live  with  us  and  rear  its  family 
in  our  orchards? 

10.  Where  does  the  downy  build  its  nest?  With  what  is  the  nest  lined? 
What  is  the  color  of  the  eggs? 

References, — "  The  Woodpeckers,"  Eckstorm ;  "  Bird  Neighbors," 
Blanchan ;  "  Winter  Neighbors,"  Burroughs ;  "  Useful  Birds,"  Forbush. 


"  Downy  came  and  dwelt  with  me, 
Taught  me  hermit  lore  ; 
Drilled  his  cell  in  oaken  tree 
Near  my  cabin  door. 

Architect  of  his  own  home 

In  the  forest  dim, 
Carving  its  inverted  dome 

In  a  dozy  limb. 

Carved  it  deep  and  shaped  it  true 

With  his  little  bill ; 
Took  no  thorp^ht  ?hn^       •        '.  w. 

Whether  dal-    •:  lUirroughs 

From  "Bird  and  Bough" 


Houghton  MiMin  Co. 
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TWO  WINTER  BIRDS 
Arthur  A.  Allen 

-  THE  SxVOWFLAKE 

Again  it  is  February.  The  chill  north  wind,  sweeping  across  the  fields^ 
picks  up  the  sharp  snow  crystals  and  drives  them  into  our  faces.  The 
crust  snaps  and  creaks  under  our  feet  as  we  pass  from  one  sheltered  wojd 
to  another. 

Not  a  very  good  day  for  birds,  we  think,  as  we  start  across  a  large  open 
field.  Even  the  tree  sparrows  seek  shelter  on  such  a  day.  Never  is 
there  a  winter's  day  so  cold  and  raw,  nor  a  summer's  day  so  hot  and  sul- 
try, but  there  are  birds  to  be  found  somewhere.  As  we  start  across 
the  field,  we  hear  a  sound  that  makes  us  stop  and  strain  our  ears.  Away 
to  the  north  of  us,  somewhere  in  the  atmosphere,  we  hear  it  again:  a 
short,  mellow,  rolling  whistle.  It  is  answered  by  another  and  another 
until  we  know  that  there  is  a  whole  flock  of  them,  and  they  are  coming 
toward  us.  Yet  strain  as  we  may,  we  cannot  see  them.  Suddenly  they 
are  right  above  us,  fully  five  hundred  of  them,  and  we  no  longer  wonder 
that  we  had  not  seen  them  before.  For,  apparently,  almost  entirely  white, 
they  pass  over  us  like  a  flurry  of  snow  and  we  can  scarcely  believe  that 
they  are  birds.  See  with  what  military  precision  they  wheel  first  in  one 
direction  and  then  another  and  at  last  with  a  final  sweep  settle  down  on 
the  weeds  of  a  neighboring  field.  At  first  they  are  uneasy  and  many 
times  they  rise  up  as  with  a  single  thought  and,  after  circling  around, 
settle  back  again. 

At  last  we  are  able  to  get  a  good  look  at  them  and  we  find  that 
they  are  not  so  white  as  we  had  at  first  supposed.  In  fact  their  wings, 
except  for  a  large  white  patch,  and  the  middle  of  their  tails  arc  black. 
Their  backs,  too,  if  it  were  not  for  a  suffusion  of  brown  and  gray,  would 
be  black ;  and  their  heads  and  breasts,  which  we  had  supposed  were  pure 
white,  are  somewhat  rusty  tinged.  Nevertheless,  they  are  much  whiter 
than  any  of  our  other  small  birds  and  we  know  that  they  are  snowflakes. 
How  happy  and  cheerful  they  are  on  this  blustering  day !  Their  gaiet}' 
seems  almost  out  of  place  as  they  stop  their  feeding  long  enough  to  chase 
one  another  over  the  icy  crust  or  to  give  that  merry  call  note  which  first 
told  us  of  their  arrival. 

The  snowflakes  are  rather  erratic,  being  mudi  more  abundant  some 
winters  than  others,  so  that  in  their  winter  migrations  we  do  not  always 
see  them.  Along  the  seashore  they  are  generally  more  abundant  than  in- 
land ;  but  scarcely  a  year  passes  that  some  of  them  do  not  drift  over  tlie 
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interior  and  visit  our  grassy  fields  wherever  the  wind  uncovers  the  weeds. 
In  New  York  State  they  are  truly  snow  birds,  for  they  appear  with  the 
first  snows  of  October  or  November  and  disappear  with  the  thaws  of 
March  or  April.  It  is,  however,  during  January  or  February,  a  time 
when  other  birds  are  least  abundant,  that  we  are  most  likely  to  see  them. 
The  summer  home  of  the  snowflakes  is  in  the  far  north  where  the  sum- 


FiG.  103. — The  snaufflake 


mers  are  short  and  cool  and  the  winters  long  and  exceedingly  cold.  There 
they  build  their  nests  on  the  ground  and  line  them  with  feathers.  Then, 
when  their  little  ones  can  leave  their  cozy  homes  and  follow,  they  gather 
together  in  large  flocks  and  start  toward  the  south.  But,  unlike  many 
birds,  they  are  fond  of  the  winter  and  leave  their  northern  home  only  as 
their  food  is  covered  by  the  snow ;  and  they  travel  south  only  far  enough 
to  find  food.  It  is  for  this  reason  that  we  see  more  of  them  during  Janu- 
ary and  February  when  the  snows  in  the  north  are  exceedingly  deep. 
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OBSERVATIONS 


1.  What  to  look  for. —  A  bird  about  the  size  of  a  sparrow,  very  white, 
traveling  in  a  flock. 

2.  Where  to  look, —  In  open,  weedy  fields,  often  near  the  house  but 
preferably  in  the  more  open  country. 

3.  General, —  a.  Note  the  shape  of  the  bird  with  its  large  head  and 
shoulders  and  heavy  bill  —  is  it  a  sparrow  ? 

b.  Look  for  the  snowflake's  tracks  in  the  snow.    Does  it  hop,  as  do 

the  junco  and  the  tree  sparrow,  or  does  it  run  ? 

c.  Watch  the  flock  as  it  rises  from  the  ground  or  as  it  is  about  to 

alight  and  see  in  what  unison  the  birds  turn  or  circle. 

d.  Do  they  ever  alight  on  trees  ?    On  fences  ? 

e.  What  other  birds  do  not  alight  in  trees  ? 


THE  JUNCO 

Bright  light  was  streaming  from  all  of  our  clubroom  windows.  Wthin 
everything  was  cheerful  but  without  all  was  dark  and  cold  for  it  was 
already  late  in  October.  Suddenly  we  heard  a  tapping  at  the  window, 
and  looking  up  saw  a  flutter  of  wings  against  the  glass.  We  hastened 
to  open  the  window,  and  in  flew  a  little  bird. 

Just  the  color  of  the  night,  he  was,  without  a  streak  or  spot  except  for 
a  little  apron  of  white  extending  from  his  breast  backward.  Even  his 
throat  and  breast  were  slaty  black.  When  he  flew  from  the  window  to 
the  bookcase,  however,  he  showed  us  that  his  outer  tail  feathers  were  as 
white  as  his  breast.  It  was  a  junco.  Some  persons  call  him  snow  bird, 
but  there  is  another  bird  which  has  that  name  so  we  shall  call  this  one  a 
junco. 

Why  had  the  little  junco  come  to  our  window,  where  had  he  been,  and 
where  was  he  going?     I  wish  he  could  have  spoken  for  I  am  sure  he 
could  have  told  us  many  interesting  adventures.     He  would  probably  have 
told  us  that  winter  was  coming  and  with  it  heavy  snows  in  the  north  which 
would  cover  up  all  the  weeds  and  seeds  on  which  he  depends  for  food; 
that  he  was  traveling  toward  the  south  where  the  snows  are  not  so  deep 
and  some  of  the  weeds  remain  above  the  surface  all  winter.    Like  his 
other  brothers,  he  is  afraid  to  travel  during  the  day  when  his  enemies,  the 
hawks,  are  hunting,  so  flies  with  many  others  at  night.     On  clear  nights 
he  flies  very  high,  but  on  this  cloudy  night  he  had  come  close  to  earth  to 
be  able  to  follow  the  landscape. 
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The  junco  could  have  told  us  how,  in  the  spring,  he  had  journeyed 
northward  far  up  into  a  Canadian  woods  where  he  had  found  a  place  be- 
neath a  tangle  of  brush  to  build  his  nest  and  rear  his  family ;  and  how, 
with  the  oncoming  of  cold  weather,  he  had  started  southward  where  he 
knew  he  could  find  plenty  of  food. 

This  bird  is  most  abundant  in  New  York  State  during  the  spring  months 
of  March  and  April,  and  again  in  the  fall  during  October  and  November, 


Fig.  104. — Junco 


when  he  is  traveling  to  and  from  his  nesting  ground.  But  if  the  snows 
do  not  become  too  deep  he  stays  with  us  all  winter,  feeding  about  our 
doorsteps  and  along  our  fence  rows.  Oftentimes  he  travels  in  company 
with  the  tree  sparrow,  and  a  little  careful  search  will  reveal  him  in  most 
any  weedy  spot  that  is  sheltered  from  the  wind.  The  junco  can  easily  be 
distinguished  by  his  blackish  color,  the  tree  sparrow  being  brown. 

When  you  find  a  flock  of  j uncos,  watch  them  as  they  feed  and  learn 
what  kind  of  food  they  prefer.  A  single  junco  destroys  more  weeds 
than  any  number  of  boys,  because  he  takes  them  in  the  seed ;  and  thus  all 
of  our  Junior  Naturalists  are  saved  a  great  deal  of  work. 
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OBSERVATIONS 

1.  How  the  junco  looks. 

a.  The  whole  upper  parts  and  back  slaty  black,  the  belly  white. 

b.  White  outer  tail  feathers. 

2.  Where  to  look  for  the  junco, 

a.    Weedy  places  and  patches  of  shrubbery,  along  fences  and  the 
edge  of  woods. 

3.  The  food  of  the  junco. 

Seeds  almost  entirely,  some  insects  in  the  summertime.  Note  the 
heavy  conical  bill  for  crushing  seeds.  The  junco  is  a  sparrow 
and  all  of  the  sparrows  have  this  type  of  bill. 

4.  Song. 

You  will  not  hear  the  junco  during  the  winter  but  the  first  warm 
days  of  spring  will  start  him  singing.  When  you  hear  one,  com- 
pare the  song  with  others  you  have  heard  and  learn  to  put  the 
birds  having  similar  songs  into  groups.  This  is  one  of  the 
easiest  ways  to  learn  bird  songs.  The  junco's  song  resembles 
that  of  the  chipping  sparrow. 

5.  Peculiar  habits, 

a.  Note  how  the  junco  spreads  its  tail  when  it  flies  so  as  to  show 

the  white  tail  feathers  which  are  ordinarily  concealed. 

b.  Note  also  that  you  seldom  see  a  junco  far  from  the  ground. 

All  birds  spend  most  of  their  time  where  they  find  their  food, 
and  the  junco  finds  its  food  on  or  near  the  ground. 

6.  General, 

The  junco  that  flew  in  at  our  window  was  migrating  at  night  If 
you  have  never  heard  the  birds  when  they  are  flying  at  night, 
go  out  some  cloudy  night  next  spring  during  April  or  May  and 
you  will  hear  their  chirping  as  they  fly  over.  They  call  to  one 
another  in  order  to  keep  together. 


^Ah,  may  I  be  as  cheerful 

As  yonder  winter  birds, 
Through  ills  and  petty  crosses. 

With  no  repining  words; 
So,  teaching  me  this  lesson. 

Away,  away  they  go, 
And  leave  their  tiny  footprints 

In  stars  upon  the  snow." — George  Cooper 
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SUGGESTIONS  FOR  TEACHERS 
The  Editor 
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Following  are  some  suggestions  that  teachers  of  rural  schools  may  find 
valuable.  In  working  out  any  of  the  suggestions,  we  shall  be  very  glad 
to  have  the  teachers  call  on  us  for  specific  help.  Have  the  children  feel 
that  we  are  interested  in  what  they  do  and  that  we  want  to  work  with 
them. 

1.  Meef  with, the  trustees  of  your  district  and  make  them  as  familiar 
as  possible  with  all  your  plans  for  improving  the  educational  work  during 
the  year.  This  will  help  them  to  understand  why  you  do  some  things 
that  have  not  been  done  before  in  the  community. 

2.  Have  a  meeting  of  the  parents  at  the  schoolhouse  and  talk  over 
with  them  as  freely  as  possible  certain  lines  of  development  that  you  feel 
the  children  should  have.  Parents  are  ready  to  co-operate  with  the 
teacher  if  they  understand  what  is  being  done,  and  why.  The  plan  of 
effort  should  not  be  left  to  be  reported  by  the  children  who  do  not  always 
express  themselves  clearly. 

3.  Encourage  the  children  to  have  the  cleanest  and  most  attractive 
school  in  their  county>  Organize  a  corps  of  workers  for  each  month  to 
keep  the  schoolhouse  free  from  dust,  and  teach  why  this  should  be  done. 
What  can  be  done  to  make  the  walls  more  attractive?  What  can  be 
done  to  add  one  piece  of  furniture  or  interesting  equipment  for  the  com- 
ing year? 

4.  Have  a  cleaning-up  day  this  fall  to  prepare  the  schoolgrounds 
for  spring  work.  If  there  are  any  fences,  what  can  be  done  to  put  them 
in  proper  condition?  Later  in  the  year  we  shall  send  some  helps  for 
improvement  of  school  grounds. 
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5.  Make  a  window  box.  If  possible  have  this  neatly  painted  dark 
green  or  white,  and  instead  of  putting  earth  in  the  box,  have  it  made 
deep  enough  so  that  flower  pots  can  be  placed  in  it  and  be  concealed  by 
the  sides.  In  this  way  individual  plants  that  do  not  survive  schoolroom 
conditions  can  easily  be  removed.  It  will  make  a  place  to  put  some 
experimental  plant  work  and  not  interfere  with  the  general  neat  appear- 
ance of  the  room.  When  the  weather  becomes  too  cold,  children  can 
take  the  individual  plants  to  their  homes. 

6.  Have  a  tcrrarium  (see  Fig.  i).  A  more  simple  terrarium  than 
the  one  shown  on  page  9  can  be  made  out  of  window  screens.  The  top 
should  be  hinged.  Earth  and  stones  can  be  put  in  the  bottom  and  plants 
allowed  to  grow  in  it.  During  the  fall  and  spring  the  terrarium  can  be 
used  for  all  kinds  of  life  that  the  children  bring  to  school.  In  winter  it 
can  be  used  for  the  study  of  a  fowl,  a  rabbit,  or  some  other  animal. 

7.  Plan  to  do  some  one  piece  of  experimental  work  on  the  school- 
grounds  in  the  spring.  Write  to  us,  asking  for  specific  suggestions  for 
this.  State  your  locality,  the  general  farm  industries,  and  any  factors 
that  will  help  us  to  decide  what  will  be  one  of  the  best  things  for  your 
school  to  undertake. 

8.  Teach  the  Babcock  milk  test.  A  machine  can  be  purchased  for 
$5.00.  The  following  letter  will  show  the  use  that  one  rural  teacher 
made  of  this  apparatus : 

"  Seneca,  N.  Y. 

We  received  the  advanced  copy  of  the  Leaflet,  and  since,  the  whole 
package  as  usual;  we  thank  you  for  them. 

Our  experience  with  the  Babcock  milk  test  was  pleasant  and  profitable. 
The  children,  who  were  so  filled  with  the  intention  of'  learning  to  do 
something  which  men  thought  worth  while,  gave  their  undivided  atten- 
tion through  a  few  short  lessons,  and  soon  knew  the  name  and  use  of 
each  part  of  the  outfit,  a  little  of  the  metric  system,  and  the  younger 
pupils  had  to  have  some  explanations  in  percentage. 

Several  in  the  class  enjoyed  giving  a  scientific  flavor  to  the  work  by 
dropping  in  a  few  bits  from  nomenclature  of  chemistry  and  frequent 
mention  of  our  *  chemical  laboratory.' 

A  scale  of  marking  to  correspond  with  that  on  the  neck  of  the  test 
bottles,  was  put  upon  the  blackboard,  then  the  space  occupied  by  the  sup- 
posed fat  was  marked  off  with  a  colored  crayon  for  the  class  to  read  or 
note. 

After  these  blackboard  exercises,  we  followed  Mr.  Lyon's  suggestion 
and  added  some  oil  to  each  bottle  of  water.  The  various  readings  were 
made  and  compared  until  each  child  read  and  noted  with  accuracy.  The 
step  from  *  f at-on-water '  readings  to  butter-fat  readings  was  made  with 
ease. 

The  embryo  chemists  are  now  looking  for  new-  worlds  to  conquer. 
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We  were  sorry  to  part  with  the  apparatus  for  we  found  it  a  fine  dis- 
ciplinarian. It  is  no  small  matter  that  children  in  a  country  school  with 
one  teacher  become  so  intent  on  some  useful  matter  that  they  finish 
v^ell  some  prescribed  book  lessons  in  order  to  get  time  to  do  the  former. 

Every  day,  the  pupils  —  some  six  or  eight,  maybe  only  four,  practiced 
the  various  preliminary  exercises  together  —  getting  the  right  speed, 
making  accurate  measurements,  transferring  pipettes  of  water  to  the 
measure  and  to  the  bottles,  reading  the  markings,  doing  little  problems 
and  so  forth,  then  being  ready  to  inform  the  teacher  (who  during  this 
time  was  busy  with  other  work)  if  she  called  upon  them  for  certain  points. 
The  children  were  given  full  permission  to  converse,  yet  so  strictly  did 
each  attend  to  business  that  not  once  was  a  child  recalled  from  its 
laboratory. 

Surely  the  lessons  in  care  were  profitable  —  boys  are  not  so  liable  to 
drop  crayons,  erasers,  books,  etc.,  after  they  have  been  responsible  for 
thin  glass  bottles.  Nor  had  we  any  wasted  milk.  One  who  handles  cor- 
rosive acids  must  be  careful  —  he  will  later  spill  less  ink,  etc.  It  is  well, 
too,  that  he  clean  and  put  in  place  what  he  works  with. 

I  would  tire  you  with  a  recount  of  the  points  made  by  the  drill  in  accu- 
racy; so  many  boys  are  naturally  inclined  to  think  near  enough  good 
enough.  One  has  but  to  employ  one*  of  these  near  enough  paper  hangers 
once,  to  ever  after  pay  the  exact  worker,  whatever  he  demands.  What 
of  one's  druggist  or  physician  ? 

Our  children  are  given  courage  by  the  ability  they  acquire  in  doing 
this  and  similar  work  outside  the  regular  routine.  In  many  instances 
their  seniors  are  forced  into  a  recognition  of  worth,  where  perhaps  they 
had  too  often  declared  none  existed. 

The  pupils  made  tests  of  twenty  or  more  samples  of  milk,  they  enjoyed 
doing  the  work  and  added  considerably  to  their  vocabulary  and  to  their 
ability  to  express  themselves,  as  they  did  when  questioned  by  some  gen- 
tlemen who  witnessed  for  the  first  time  a  demonstration  of  the  Babcock 
test. 

The  patrons  of  the  school  are  very  appreciative  of  what  you  are  doing 
for  us  —  please  accept  their  thanks  with  mine  for  this  and  other  favors," 

9.  Have  a  museum.  Let  the  collection  be  started  and  added  to  by 
the  children  themselves.  It  is  suggested  that  collections  be  made  of  the 
following : 

(i)  The  different  types  of  soil  found  in  the  neighborhood:  sand, 

silt,  clay,  muck,  and  sandy,  silty  and  clay  loams. 

(2)  Common  seeds  of  vegetables,  flowers,  and  farm  crops. 

(3)  Common  grasses:  timothy,  red  top,  meadow  fescue,  Kentucky 
blue-grass,  orchard  grass. 

(4)  Common  legumes  of  the  farm  and  garden:  red,  white,  and 
alsike  clovers,  alfalfa,  peas,  beans,  vetch,  soy^ans. 

(5)  Common  cereals:  corn,  wheat,  oats,  rye,  barley,  buckwheat. 
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(6)  Ears  of  corn:  flint,  dent,  pop,  sweet.  Secure  ears  showing 
the  qualities  which  good  ears  should  have.  A  lesson  in  com  judging 
may  profitably  be  given. 

(7)  Fertilizers:  nitrate  of  soda^  dried  blood,  ground  bone,  acid 
phosphate,  muriate  of  potash  and  as  many  others  as  are  used  in  the 
neighborhood. 

(8)  Feeds  for  farm  animals:  bran,  middlings,  gluten  feed,  buck- 
wheat middlings,  and  others  in  use.  The  local  feed  merchant  and 
seedmen  might  lend  their  aid  in  supplying  samples  of  these  feeds  as 
well  as  samples  of  fertilizers  and  seeds. 

(9)  Fruit.  In  the  fall,  different  varieties  of  apples,  pears,  plums, 
and  grapes  could  be  collected,  probably  with  much  enthusiasm  by 
the  children.  Part  of  an  afternoon  could  be  given  for  a  short  talk 
on  fruit-growing  by  a  local  fruit-grower,  after  which  the  samples  of 
fruit  could  be  eaten.  Similar  collections  of  root  crops  and  v^etables 
might  be  made,  not  with  the  idea  of  keeping  them  in  the  school  for  a 
long  time  but  as  one  of  the  best  means  of  teaching  children  to  become 
familiar  with  the  common  things  of  their  farms. 

(10)  Flowers  and  weeds.  These  can  be  pressed  and  used  as  the 
basis  for  the  school  collection.  Begin  with  the  most  common  plants 
and  enlarge  the  collection  slowly  in  order  that  the  children  may  be- 
come familiar  with  the  plants  studied. 

(11)  Leaves  of  trees.  Press  the  leaves  of  some  of  the  most  com- 
mon trees,  adding  to  the  collection  slowly  enough  for  the  children  to 
learn  as  they  go. 

10.  Start  an  Agricultural  and  Nature-Study  Library.  A  beginning 
may  be  made  at  no  cost,  except  postage,  by  asking  for  publications  issued 
by  the  Department  of  Agriculture  at  Washington  and  the  State  Coll^[e 
and  Experiment  Station. 

(a)  Write  to  the  Department  of  Agriculture,  Washington,  D.  C, 
asking  to  have  the  school  placed  on  the  mailing  list  for  the  monthly  list 
of  publications  and  to  have  the  following  sent  to  you : — 

I  set  of  Farmers*  Bulletins  suitable  to  the  locality. 

I  copy  of  the  list  of  Publications  for  Free  Distribution. 

I  copy  of  the  list  of  Publications  for  Sale. 

I  copy  of  each  of  reprints  of  areas  that  have  been  surveyed  by 
the  Bureau  of  Soils  in  your  state. 

I  copy  each  of  Bulletins  186  and  160  and  Circulars  77  and  52 
of  the  Office  of  Experiment  Stations.  On  receipt  of  these  bulle- 
tins, holes  should  be  punched  through  them  and  strings  used  to 
tie  them  together.     Manila  paper  may  be  used  for  covers. 

(b)  Write  to  the  Geological  Survey,  Washington,  D.  C,  enclosing 
15  cents  in  stamps  and  asking  for  the  tlu-ee  geological  survey  maps  that 
cover  your  region. 
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(c)  Write  to  the  Extension  Department,  College  of  Agriculture, 
Ithaca,  N.  Y.,  asking  for  complete  sets  of 

Cornell  Rural  School  Leaflets. 
Farmers'  Reading-Course  Bulletins. 
Farmers'  Wives'  Reading-Course  Bulletins. 
In  writing,  state  that  these  bulletins  are  desired  for  the  school 
library. 

(d)  Write  to  the  Experiment  Stations  at  Geneva,  and  Ithaca,  N.  Y., 
for  available  bulletins  and  reports.  Request  also  that  the  school  be 
placed  on  their  mailing  lists. 

(e)  Obtain  the  use  of  a  Traveling  Library  from  the  State  Educa- 
tion Department.  These  libraries  are  loaned  to  rural  district  schools 
and  may  be  kept  for  the  entire  school  year,  the  fee  being  $2.00  for  25 
volumes  and  $1.00  for  each  additional  25  volumes.  Write  to  the  Divi- 
sion of  Educational  Extension,  New  York  State  Education  Depart- 
ment, Albany,  for  information  regarding  the  method  of  obtaining  one 
of  these  traveHng  Hbraries. 

(f)  Write  to  the  nearest  Weather  Bureau  office  asking  that  a 
weather  map  frame  be  given  your  school  and  that  weather  maps  be 
sent  daily  throughout  the  school  year.  In  New  York  there  are  Weather 
Bureau  stations  at  Buffalo,  Syracuse,  Rochester,  Albany,  Binghamton, 
Ithaca,  Canton,  and  New  York  City. 

Books  for  the  library 

TraveHng  Library  —  Division  of  Educational  Extension,  N.  Y. 
Statfe  Education  Dept,  Albany,  N.  Y.,  50  volumes,  loaned 

for  the  school  year $3 .00 

Burkett,  Stevens  &  Hill  —  Agriculture  for  Beginners,  Ginn  &  Co., 

\        Boston 75 

Mann  —  Beginnings  in  Agriculture,  Macmillan  Co.,  N.  Y.  City..'      .75 
Bessey   and   others  —  New   Elementary   Agriculture,    University 

Publishing  Co.,  Lincoln,  Neb 60 

Hunt  —  Cereals  in  America,  Orange  Judd  Co.,  N.  Y.  Gty i  .75 

Wing —  Milk  and  its  Products,  Macmillan  Co.,  N.  Y.  City i  .50 

Roberts  —  The  Horse,  Macmillan  Co.,  N.  Y.  City i  .25 

Henry  —  Feeds  and  Feeding,  W.  A.  Henry,  Madison,  Wis 2.00 

Warren  —  Elements  of  Agriculture,  Macmillan  Co.,  N.  Y.  City.,  i.io 

Bailey  —  Garden  Making,  Macmillan  Co.,  N.  Y.  City i  .00 

Plumb  —  Types  and  Breeds  of  Farm  Animals,  Ginn  &  Co.,  Bos- 
ton, Mass 2.00 

Comstock  —  Handbook   of   Nature-Study,    Comstock    Publishing 

Co.,  Ithaca,  N.  Y.,  postage  3Sc 3 .  25 

Hodge —  Nature-Study  and  Life.  Ginn  &  Co.,  Boston,  Mass i  .50 

Mathews  —  Familiar  Trees  and  Their  Leaves,  D.  Appleton  &  Co., 

436  5th  Ave.,  N.  Y.  Gty i .  75 
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Mathews  —  Field  Book  of  American  Wild  Flowers,  Putnam's,  29 

W.  23d  St.,  N.  Y.  City $1  -75 

Blanchan  —  Bird  Neighbors,  Doubleday,  Page  &  Co.,  N.  Y.  City. .  2.00 

Comstock — Insect  Life,  Comstock  Pub.  Co.,  Ithaca,  N.  Y 1.75 

Stone  &  Crane  —  Animal  Life,  Doubleday,  Page  &  Co.,  N.  Y.  City  3.00 
Burroughs  —  Songs  of  Nature,  McClure,   Phillips  &  Co.,   N.  Y. 

City 1 .20 

II.  Encourage  the  pupils  to  take  an  interest  in  all  that  relates  to  their 
own  county.  Have  pupils  begin  work  in  connection  with  the  county.  Let 
one  get  all  the  information  he  can  regarding  the  physiography ;  the  high- 
lands, lowlands,  streams,  lakes  and  the  like.  Encourage  him  to  find  all 
he  can  from  his  own  observation,  from  farmers,  and  from  books  and  to 
bring  to  school  pictures  of  natural  scenery  of  his  county.  Another  pupil 
might  take  the  political  geography  of  the  county;  townships,  cities, 
villages,  and  what  each  contributes  to  state  and  national  welfare.  A  third 
the  agricultural  interest  of  the  county.  What  successful  farmers  live  in 
it?  What  farms  have  specialized  work.^  What  is  the  most  important 
farm  crop  in  the  county?  What  important  crops  might  be  raised  that 
are  not  now  raised?  What  forest  land  does  the  county  possess?  How 
large  is  the  grange  in  the  county?  What  work  does  the  grange  accom- 
plish for  better  living  in  the  county? 

Note. — ^We  are  indebted  to  Houghton  Mifflin  Company  for  permission  to  print 
in  this  Leaflet  the  quotations  from  the  works  of  Henry  D.  Thoreau. 


"  By  night  no  flowers,  at  least  no  variety  of  colors.  The  pinks  are  no 
longer  pink;  they  only  shine  faintly,  reflecting  more  light.  Instead  of 
flowers  underfoot,  stars  overhead." —  Thoreau,  Journal 
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[SUPPLEMENT] 

Published  montiily  by  the  New  York  State  CoUege  of  Acriculture  at  CoraeD  Univenity^from 
September  to  May,  and  entered  as  second-class  matter  September  30,  ipoTtAt  the  Post  Office 
at  Ithaca,  New  York,  under  the  Act  of  Congress  of  July  16.  1894*     L*  H.  Bailey.  Director 

ALICE  G.  McCLOSKEY,  Editor 
ARTHUR  D.  DEAN,  C.  EDWARD  JONES,  G.  F.  WARREN,  and  C.  ^.  TUCK,  AdTisers 

Vol.  5  ITHACA,  N.  Y..  SEPTEMBER.  1911  No.  i 


TO  ALL  TEACHERS: 

The  September  number  of  the  Rural  School  Leaflet  contains  subject- 
matter  in  nature-study  and  agriculture  as  outlined  by  the  New  York  State 
Syllabus  for  1911-12.  This  Leaflet  will  be  sent  to  every  teacher  in  New 
York  State  who  makes  request  for  it.  We  ask  that  all  city  teachers  de- 
siring this  Leaflet  apply  first  to  their  city  superintendent.  If  he  cannot 
supply  a  copy,  apply  to  us. 

In  addition  to  the  September  Leaflet  we  shall  issue  Leaflets  for  boys 
and  girls  in  December,  in  February,  and  in  May.  These  Leaflets  will  be 
sent  on  request  to  teachers  and  children  in  rural  districts  and  in  com- 
munities of  three  thousand  inhabitants  or  less. 

We  hope  the  teachers  will  encourage  the  children  to  write  letters  to  us 
in  reply  to  the  Leaflets,  describing  some  experience  or  asking  questions 
that  cannot  be  answered  at  home  or  at  school. 

To  enable  us  to  handle  our  large  correspondence  and  mailing  list  with 
promptness  and  accuracy,  we  urge  that  the  teacher  observe  the  following : 

[1017] 
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1.  Do  not  apply  for  other  than  the  September  Leaflet  unless  you  are  a 
teacher  in  a  rural  district  or  a  community  of  three  thousand  inhabitants 
or  less. 

2.  Send  us  upon  the  attached  blank  the  names  of  all  boys  and  girls  in 
your  school  who  are  old  enough  to  use  the  Leaflets.  Before  returning  the 
blank  be  sure  that  it  is  properly  filled  out. 

3.  Be  sure  to  give  full  name  and  address  in  all  communications  sent  to 
the  College. 

4.  Send  the  children's  letters  to  us  yourself,  with  your  full  name  and 
post-office  address. 

We  are  very  anxious  to  reach  young  men  in  rural  districts.  Will  you 
send  us  a  list  of  the  young  men  in  your  district  between  the  ages  of  16 
and  22  ?  In  doing  this  you  will  not  only  be  giving  us  information  which 
it  would  be  difficult  to  obtain  in  any  other  way,  but  you  will  be  coming 
into  closer  touch  with  your  community. 

In  spite  of  the  fact  that  our  funds  for  the  year  are  very  much  limited, 
we  hope  to  cooperate  with  the  teachers  of  the  State  in  every  way  pos- 
sible. Let  us  work  together  for  a  year  of  distinct  progress  in  the  devel- 
opment of  our  rural  communities.  ^ 

Address  all  communications  to 

(Miss)  Alice  G.  McCloskey, 

College  of  Agriculture, 

Ithaca,  N.  Y. 
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ALL  TEACHERS  IN  RURAL  SCHOOLS  AND  IN  SCHOOLS  IN 
VILLAGES  OF  THREE  THOUSAND  INHABITANTS  OR  LESS 
MAY  RECEIVE  LEAFLETS  FOR  CHILDREN  BY  SENDING  US 
A  LIST  OF  THE  PUPILS'  NAMES  IN  THE  SPACES  BELOW. 
CHILDREN'S  LEAFLETS  WILL  BE  SENT  IN  DECEMBER, 
FKBRUARY,  AND  MAY. 

WE  HAVE  NO  FUNDS  THIS  YEAR  TO  SEND  CHILDREN'S 
LKAFLETS  TO  CITY  SCHOOLS. 

Teacher's  Name 

Address 

'. . .  County 

Population  of  village 

Are  you  teaching  a  district  school? 

How  many  pupils  in  your  school  can  use  the  Leaflet  ? 

PUPILS'  NAMES 
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Fill  out  and  return  to 

(Miss)  Alice  G.  McCloskey, 

College  of  Agricultueie, 

Ithaca,  N,  Y. 
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Real  beauty  is  deeper  than  sensation.  It  inheres  in  fitness  of  means 
to  end  as  well  as  in  physical  attributes.  The  child  should  see  the  object 
itself  before  he  sees  its  parts.  Teach  first  the  whole  bug,  the  whole  bird, 
the  whole  plant.  The  botanist  may  well  devote  his  life  to  a  single  ceil, 
but  the  laytnan  wants  to  know  the  trees  and  the  woods. 

T  dislike  to  hear  people  say  that  they  love  flowers.  They  should  laue 
plants:  then  they  have  a  deeper  hold  on  nature.  Intellectual  interest  should 
go  deeper  than  mere  shape  or  color.  Teachers  or  parents  ask  the  child  to 
see  how  ''pretty**  the  object  is:  but  in  most  cases  the  child -wants  to  knoiv 
how  it  lives  and  what  it  does. 


America  is  a  land  of  cut  flowers.  Nowhere  does  the  cut-flower  trade 
assume  such  commanding  importance.  Churches  and  homes  are  decorakd 
with  them.  One  sees  the  churches  of  the  Old  World  decorated  with  plants 
in  pots  or  tubs.  The  Englishman  or  the  German  loves  to  care  for  the  plant 
from  the  time  it  sprouts  until  it  dies:  it  is  a  companion.  The  American 
snips  off  its  head  and  puts  it  in  his  buttonhole:  it  is  an  ornament.  I  have 
sometimes  wondered  whether  the  average  flower-buyer  knows  that  flowers 
grow  on  plants.    Flowers  are  fleeting. 

All  of  us  have  known  people  who  derive  more  satisfaction  from  a  poor 
plant  that  never  blooms  than  others  do  from  a  bunch  of  American  Beauty 
Roses  at  $5.  There  is  individuality — I  had  almost  said  personaliiy— 
in  a  growing,  living  plant,  but  there  is  little  of  it  about  a  detached  flower. 
And  it  does  not  matter  so  much  if  the  plant  is  poor  and  weakly  and  scrawny. 
Do  we  not  love  poor  and  crippled  atid  crooked  people?  A  plant  in  the 
room  on  washday  is  worth  more  than  a  bunch  of  flowers  on  Sunday. 

L.  H.  Bailey  in  "The  Nature-Study  Idea." 

The  engravings  for  this  leaflet  are  used  by  permission  of  the  Camstock 
Publishing  Co. 

[1022] 
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HOME  NATURE-STUDY  COURSE 

TEACHER'S  LEAFLET 

BASED  ON  THE  WORK  FOR  FOURTH  AND   FIFTH  YEAR   PUPILS  AS  OUTLINED 

IN  THE  SYLLABUS  OF  NATURE-STUDY  AND  AGRICULTURE  ISSUED 

BY  THE  NEW  YORK  STATE  EDUCATION  DEPARTMENT 


GARDENING  AND  NATURE  STUDY 

A    FORE-WORD 

ANY  persons  have  the  mistaken  belief  that 
gardening  is  nature-study;  in  the  general 
experience  it  is  not  so.  It  may  be  made  a 
basis  for  nature-study,  but  very  seldom  is 
even  this  much  done.  Children's  gardens 
in  particular,  as  ordinarily  conducted,  teach 
the  pupils  little  about  the  plants  they  grow 
except  their  names,  their  uses  to  man  and 
the  proper  mode  of  cultivation.  Acquaint- 
ance and  friendliness  for  growing  things 
should  extend  further  than  this.  Most  interesting  material  for  nature- 
study  may  be  fotmd  in  the  garden  and  its  products  if  teachers  will 
endeavor  to  have  the  children  see  this  little  world  from  the  view- 
point of  the  plant.  Every  one  of  the  plants  is  an  individual,  with  as 
decided  peculiarities  and  preferences  as  any  of  its  human  friends.  Each 
one  has  its  own  special  form  of  root,  stem,  leaf  and  flower;  its  own  method 
of  gathering  and  conserving  moisture,  and  of  holding  its  leaf-surfaces 
to  the  life-giving  light;  each  has  its  own  wonderful  mechanism  for 
securing  pollination,  each  its  own  way  of  developing  and  dispersing 
its  seeds.  Each  has  a  choice  as  to  soil  and  location  in  which  to  thrive. 
But  this  is  not  all :  the  child  should  know  that  he  does  not  cultivate 
his  garden  alone,  but  has  innumerable  helpers  as  well  as  hindrances;  that 
frost,  rain,  wind,  and  sun  do  their  work  on  the  soil;  that  the  humble 
earth-worms  help  to  pulverize  and  enrich  it;  that  every  bee,  moth  or 
butterfly,  every  grub,  slug,  or  caterpillar  which  visits  or  takes  up  its 
abode  in  the  garden  is  doing  something,  either  helpful  or  harmful,  which 
affects  its  life  and  growth;  that  the  birds  which  nest  near  and  the  toads 
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wh?ch  hop  about  in  the  twilight  are  valtiable  assistants  to  be  protected 
and  induced  to  remain  if  possible. 

Simple  experiments  in  plant  physiology  may  be  undertaken  and  con- 
ducted by  the  children  themselves;  demonstrations  of  the  transpiration 
of  moisture;  of  the  sap  currents;  of  the  use  of  water  in  carrying  food  and 
in  making  rigid  the  plant  tissues;  of  the  need  of  sunshine  to  transform 
the  food  in  the  green  leaf-laboratories  to  a  form  available  for  the  use 
of  the  plant.  All  these  and  others  which  may  occur  to  the  teacher  are 
examples  of  nature-study  work  which  may  be  easily  and  profitably 
conducted  in  connection  with  the  work  of  the  garden. 

This  year  the  lessons  of  the  Home  Nature-Study  Course  will  consider 
the  ways  of  a  few  of  the  plants  and  vegetables  which  are  of  easy  cultiva- 
tion and  are  commonly  grown  in  most  gardens;  a  few  of  the  most  annoy- 
ing and,  consequently,  most  interesting  weeds;  and  of  some  of  the  insects 
and  birds  whose  partnership  in  the  garden's  cultivation  needs  to  be 
better  understood,  and  whose  right  to  their  small  share  in  its  product 
should  be  more  freely  acknowledged. 


LESSON  I 

TH»  '>ANSY 


Purpose. — ^To  teach  the  children  how  to  grow  and  care  for  this  most 
gorgeous  member  of  the  violet  family,  and  to  observe  that  its  colors, 
markings,  and  fragrance  all  serve  to  attract  the  bees  which  fertilize 
the  flower  as  they  extract  the  nectar  hidden  in  the  spur  of  the  lower 
petal. 

Material  and  method. — Each  pupil  should  have  in  hand  a  pansy-stem 
bearing  leaves,  buds  and  flowers  in  various  stages  of  maturity.  A  very 
practical  interest  may  be  aroused  by  studjring  the  great  number  of 
varieties  in  the  seed  catalogues  and  learning  their  names.  This  is  one 
of  the  studies  which  leads  directly  to  gardening.  There  are  many 
beautiful  pansy  poems  and  stories  which  may  be  read  or  learned  in  con- 
nection with  the  lesson. 

Observations  by  pupils. — 

(i).  In  what  kind  of  soil  do  the  wild  violets  prefer  to  grow,  and  are 
they  usually  found  in  open  sunny  places  or  in  partial  shade?  Their 
pansy  sisters  have  like  preferences  and  the  fact  helps  us  to  choose  the 
best  place  for  our  pansy  beds. 
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(2).  At  what  time  of  the  year  should  the  pansy  bed  be  planted?  How 
should  the  soil  be  prepared?  Do  pansy  plants  survive  the  winter  out-of- 
doors? 

(3).  Are  the  leaves  of  the  pansy  shaped  like  those  of  the  common 
violets?  How  are  they  different?  Are  the  pansy  leaves  aUke  in  shape 
and  size  even  when  grown  on  the  same  plant?  Draw  or  trace  the  form 
of  the  pansy  leaf,  showing  the  lobed  stipules  at  its  base. 

(4).  Study  the  pansy  stem.  Is  it  solid  or  hollow?  Is  it  smooth  or 
rough?  Is  it  curved  or  straight?  Does  it  stand  upright  or  partially 
recline  on  the  grotmd? 

(s).  How  many  petals  has  the  pansy  blossom?  If  it  has  more  than 
one  color,  which  of  the  petals  show  the  most  vivid  markings?  Where 
is  the  spur?  Taste  the  spur;  do  you  think  it  contains  nectar?  Do  the 
lines  and  markings  on  the  petals  seem  to  lead  or  point  toward  the 
nectary? 

(6).  Have  you  seen  pansy  flowers  which  seem  to  resemble  a  face? 
Where  are  the  eyes?  The  nose?  The  mouth?  How  many  petals  make 
the  pansy  forehead?     The  cheeks?     The  chin? 

(7).  Where  is  the  pollen  in  the  pansy?  Describe  the  peculiar  shape 
of  the  anthers.  How  many  stamens  are  there?  How  do  the  two  lower 
stamens  differ  from  the  upper  ones? 

(8).  Where  does  the  bee  stand  while  probing  a  flower  for  nectar? 
Observe  the  soft  little  brushes  at  the  base  of  the  two  side  petals.  What 
do  you  think  they  are  for?  * 

(9).  Where  is  the  stigma?  Does  the  bee's  tongue  go  over  it  or  under 
it  to  reach  the  nectar?  Is  the  style  straight  or  bent?  Describe  how 
the  anthers  dust  the  bee  with  pollen  while  she  is  getting  the  nectar. 

(10).  How  many  sepals  has  the  pansy?  How  are  they  attached? 
When  the  flower  fades  and  the  petals  fall,  do  the  sepals  also  fall? 

(11).  Select  a  flower  that  is  fading  and  carefully  remove  the  petals. 
Do  you  see  a  little  man  sitting  in  the  center  with  his  crooked  little  legs 
in  the  nectar  tube?  What  part  of  the  flower  makes  the  little  man's 
head?  What  is  his  crooked  neck?  What  parts  form  his  cape?  Of  what 
is  his  pointed,  scalloped  collar  formed?  What  parts  of  the  flower  are 
extended  to  make  his  bandy  legs? 

(12).  Where  in  the  flower  is  the  ovary  or  seed-box?  Describe  how 
this  looks  after  the  petals  have  fallen.  Does  it  show  any  lines  which 
indicate  where  it  will  open? 

(13).  How  does  the  seed-box  open?    Does  it  contain  many  seeds  or 
few?    Has  the  pod  any  mechanism  by  which  it  can  scatter  the  seeds 
any  distance  from  the  parent  plant? 
33 
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(14).  When  pansies  "sow  themselves"  are  the  flowers  as  fine  as  those 
which  grow  on  carefully  tended  and  transplanted  beds? 

(15).  Do  pansies  thrive  and  bloom  better  when  the  flowers  are  con- 
stantly plucked  as  they  open,  or  should  they  be  allowed  to  wither  and 
ripen  the  seed? 

Facts  for  Teachers, — Pansies  like  fine,  deep,  rich  soil  which  is  cool  and  moist. 
It  is  in  such  situations  that  one  finds  the  finest  violets  and  the  family  preference 
is  not  changed  by  cultivation.  The  shady  side  of  the  garden  is  best  for  them. 
and  though  stagnant  water  would  kill  them,  they  like  to  be  al'ways  moist  and 
should  be  kept  well  watered  in  dry  weather.  They  grow  readily  from  cuttings 
and  in  this  way  choice  varieties  are  perpetuated.  Cuttings  may  be  stuck  in  the 
open  gxoimd  in  summer  in  a  half  shady  place  kept  carefuUy  moist  in  dry  weather. 
All  sorts  of  pansies  are  readily  grown  from  seed  sown  in  spring  or  early  summer 
out  of  doors ;  or  plants  for  earlier  bloom  may  be  grown  from  seedlings  started  indocn 
while  yet  the  soil  of  the  garden  is  still  hard  with  frost.  When  w^ell  establishe*! 
they  are  hardy  and  survive  the  winter's  cold,  particularly  if  given  a  slig:ht  covering 
of  dead  leaves  or  straw.  Plants  for  winter  blooming  should  be  grown  from  summer- 
sown  seedlings.  Best  results  are  obtained  by  carefully  transplanting^  and  cul- 
tivating the  plants,  since  otherwise  the  flowers  are  Hkely  to  deteriorate  in  color 
and  size. 

The  plant  stem  is  angled,  crooked,  and  stout.  The  leaves  vary  exceedingly  in 
form;  some  are  long  and  pointed,  others  are  wide  and  roimded;  their  edges  m^y 
be  slightly  scalloped  or  very  deeply  lobed  and  they  may  have  at  the  base  a  p^ir 
of  large,  deeply  lobed  stipules.  In  a  whole  pansy  bed  it  would  be  impossible  to 
find  two  leaves  alike.  The  flower-stem  is  rather  short  and  is  always  bent  where 
attached  to  the  flowers  so  that  the  blossom  fronts  the  world  around  it  instead  of 
looking  up  at  the  sky.  The  five  sepals  are  attached  to  the  stem  at  about  one- 
third  of  their  length,  their  heart-shaped  bases  making  a  little  green  ruffle  about 
the  flo\7er-stem ;  they  are  arranged  one  at  the  top  and  two  at  each  side,  but  none 
below  the  nectar  spur.  They  do  not  fall  with  the  petals  but  remain  as  a  cup 
behind  the  ripened  seed-pod. 

Five  petals  has  the  pansy,  of  which  the  lower  is  extended  backward,  forming 
a  nectar-filled  spur.  The  two  side  petals  are  bearded  at  their  base,  and  these 
with  the  lower  one  are  the  most  brilliantly  colored,  the  lines  marking  them  point- 
ing toward  the  nectary.  Many  pansy  flowers  have  a  fantastic  but  charming 
resemblance  to  a  smiling  face,  the  dark  spots  at  the  bases  of  the  side 
petals  making  the  eyes,  the  lines  radiating  from-  them  looking  quite  eye-lashy. 
The  opening  to  the  nectar-tube  makes  the  nose,  while  the  spot  near  the 
base  of  the  lower  petal  has  to  do  for  a  mouth,  the  nectar  guiding-lines 
below  being  not  unlike  whiskers;  meanwhile  the  two  upper  petals  give  a 
high-browed  look  to  the  pansy  countenance  and  make  it  a  wise  and  knowing 
little  face. 

The  nectar  is  hidden  in  the  sptir  made  by  the  extension  of  the  lower  petal,  but 
the  guiding  lines  all  converge,  pointing  directly  to  the  opening  leading  to  this 
nectar  well  and  telling  the  secret  to  every  bee  that  flies.  Moreover,  the  broad 
lower  petal  is  a  platform  for  the  lady  bee  to  alight  upon  while  she  probes  to  the 
depths  of  the  flower's  treasury  of  sweets  with  her  tongue. 
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But  at  tbe  door  leading  to  the  nectar  well  there  sits 
a  little  man;  his  head  is  green,  he  wears  a  white  cape 
with  a  scalloped,  reddish  brown  collar,  and  he  sits  with 
his  bandy  legs  pushed  back  into  the  spur  as  if  he  were 
taking  a  foot-bath  in  nectar.  This  little  pansy  man  has 
plenty  of  work  to  do;  for  his  mouth,  which  is  large  and 
at  the  top  of  his  head,  is  the  stigma ;  his  cape  is  made  of 
the  five  over-lapping  stamens,  the  brown,  scalloped  col-  j^  pansy  man 

lar  being  the  anthers;  his  legs  consist  of  prolongations 

of  the  two  lower  stamens,  and  when  the  bee  probes  the  nectar- well  with  her 
tongue,  she  tickles  the  little  man's  feet  so  that  his  head  and  shoulders  wriggle 
and  brush  off  the  pollen  dust  from  his  collar  against  her  fuzzy  face;  and  at  the 
same  time  his  mouth  receives  the  pollen  from  her  dusty  coat.  This  is  helped,  too, 
by  the  bend  in  his  neck  which  spreads  the  anthers  when  his  head  is  touched, 
allowing  more  pollen  to  fall  from  their  openings  which  are  inside  of  his  collar. 

As  the  pansy  matures,  the  little  man  grows  still  more  man-like;  after  a  time 
he  sheds  his  anther  cape  and  we  can  see  that  his  body  is  the  ribbed  seed -pod.  He 
did  not  eat  pollen  for  nothing,  for  he  is  full  of  growing  seeds.  Sometimes  the  plush 
brushes  that  are  above  his  head  in  the  pansy  flower  become  filled  with  pollen  and 
perhaps  he  gets  a  mouthful  of  it,  although  these  brushes  are  supposed  to  keep 
out  intruders. 

The  pansy  ripens  many  seeds.  The  ribbed  seed-caps\ile  with  its  base  set  com- 
fortably in  the  persistent  sepals,  finally  opens  in  three  valves  and  the  seeds  are 
scattered.  To  send  them  as  far  as  possible  from  the  parent  plant,  the  edges  of 
each  valve  of  the  pod  curl  inward,  tightening  on  the  seeds  and  forming  a  spring- 
gun  which  shoots  them  out  at  the  tip,  as  boys  snap  apple  seeds  or  orange  pips  from 
between  the  thumb  and  finger.  Wet  weather  relaxes  the  springs  and  the  rain  may 
wash  the  seeds  from  the  open  pods;  but  if  it  does  not,  the  sun  will  harden  them 
again  and  the  shooting  go  merrily  on. 

If  pansies  are  allowed  to  ripen  seeds,  the  season  of  bloom  will  be  short,  for  when 
the  seeds  are  scattered  the  object  of  the  plant's  life  is  accomplished.  Besides, 
the  plant  has  not  vitality  enough  to  perfect  seeds  and  continue  its  bloom  and 
the  flowers  borne  with  the  forming  seeds  are  smaller  than  the  earlier  ones.  But 
if  the  flowers  are  kept  plucked  as  they  open,  the  plants  persistently  put  forth 
new  buds.  Also,  the  plucked  flowers  will  remain  in  good  condition  longer  if  picked 
in  the  early  morning  before  the  bees  begin  x>a3ang  calls,  for  a  pollinated  flower 
fades  more  quickly  than  one  which  has  received  no  pollen. 

Supplementary  Reading: 

••  April  Fools,"  p.  50  —  "  Pansy  Song,"  p.  125.  Nature  in  Verse,  compiled  by. 
Mary  J.  Lovejoy. 

"  Garden  Folk,"  p.  179  — "Pansies/*  pp.  183-184.  Among  Trees  and  Flowers 
with  the  Poets,  Wait  &  Leonard. 
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LESSON  II 

THE    NASTURTIUM 

Purpose.— To  lead  the  children  to  discover  for 

themselves  the  special  arrangement  by  which  the 
nasturtium  sends  its  pollen  to  other  flowers  of  its 
kind  and  secures  in  its  turn  the  poilen  from  other 
flowers  for  its  ovm  pollination. 

Material  and  metiiod. — The  nasturtiums  and  their 
foliage  and  fruit  brought  into  the  schoolroom  m 
sufficient  quantity  so  that  each  child  may  have  a 
leaf,  a  flower,  and  a  seed  for  study.  The  object  of 
the  lesson  should  be  to  interest  the  pupils  in  study- 
ing in  their  own  gardens  one  flower  from  the  buJ 
until  the  petals  wither  and  the  seed  begins  to  form, 
taking  note  of  what  happens  each  day,  and  of  alf 
ot  the  insect  visitors. 

Observations  hy  pupils, 

( i ) .  Look  at  the  back  of  the  flower.  What  is  there 
peculiar  about  the  sepals?  How  many  sepals  are 
there?  I  low  many  join  to  make  the  tube  or  spur^ 
What  is  in  this  tube?  Taste  of  its  tip;  do  you  think 
it  contains  nectar? 

(2).  Look  the  flow^er  in  the  face.  How  do  the  two 
upper  petals  difl^er  in  shape  from  the  three  lower 
ones?  What  markings  are  on  the  upper  petals.* 
Where  do  these  lines  point?  Are  there  any  mark* 
ings  on  the  sepals  pointing  in  the  same  direction? 
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If  an  insect  visiting  a  flower  should  follow  these  lines,  where  would 
it  go? 

(3).  Describe  the  shape  of  the  lower  petals.  Suppose  a  little 
ant  were  on  one  of  these  petals  and  she  tried  to  pass  over  to  the 
nectar  tube  or  spur,  would  the  fringes  hinder  her  ?  Do  you  think 
this  fringe  or  beard  would  hinder  or  help  a  larger  insect  in  retaining  a 
foothold  ? 

(4).  Look  down  the  throat  of  the  spur  and  tell  what  a  bee  or  other 
insect  would  crawl  over  before  it  cotdd  get  at  the  nectar. 

(5).  In  your  garden,  or  in  the  bouquet  in  the  window  if  you  cannot 
visit  a  garden,  select  a  nasturtium  that  is  just  opening  and  watch  it 
every  day,  making  the  following  notes:  When  the  blossom  first  opens, 
where  are  the  eight  stamens?  Are  the  filaments  which  uphold  the 
anthers  of  differing  lengths?  Are  the  anthers  which  are  dosed  uplifted 
so  as  to  be  in  the  path  of  the  bee  which  is  seeking  nectar?  How  do  the 
anthers  open?  How  many  open  at  one  time?  How  is  the  pollen  held 
up  in  the  pathway  to  the  nectar?  Can  you  see  the  pistil  of  the  flower? 
Where  is  it?    Is  its  stigma  whole  or  divided  into  lobes? 

Notes  on  the  same  -flower  on  the  following  day:  How  many  anthers 
are  open  and  shedding  pollen  to-day?  Are  they  all  in  the  same  position 
as  yesterday?  What  has  happened  to  the  anthers  which  have  shed  their 
pollen? 

(6) .  When  the  stigma  rises  in  the  path  to  the  nectar,  how  does  it  look  ? 
Where  are  all  the  anthers  when  the  stigma  raises  its  three-tined  fork 
to  rake  off  the  pollen  from  the  visiting  insect?  Can  you  think  of  any 
reason  why  the  pistil  should  remain  short  and  undeveloped  till  the 
anthers  are  withered?  Do  you  know  why  it  is  an  advantage  to  the 
nasturtium  to  develop  its  seed  by  the  aid  of  the  pollen  from  the  flower 
of  another  plant? 

(7).  Can  you  see  the  beginning  of  the  seed-box  when  the  stigma  rises 
to  receive  the  pollen?  What  is  the  shape  of  the  seed-cluster?  How 
many  parts  or  cells  has  it? 

(8).  The  flowers  project  beyond  the  leaves.  Do  the  seeds  do 
this?  What  happens  to  their  stems  to*  withdraw  them  behind  the 
leaves  ? 

(9).  Sketch  or  trace  a  nasturtium  leaf  and  explain  why  it  is  like  a 
shield.  How  does  the  leaf  look  when  under  water?  Does  the  leaf  remain 
wet  when  taken  out  of  the  water? 

(10).  What  sort  of  stem  has  the  nasturtium?  How  does  it  manage 
to  climb  the  trelUs?  If  it  has  no  trellis  to  climb  does  it  lie  flat  upon 
the  grotmd? 
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(ii).  When  the  seed  has  ripened,  does  it  still  hide  itself  beneath  the 
leaves  ?  Do  you  think  that  the  long  swaying  stem  might  serve  as  a  sort 
of  sling  to  throw  the  ripe  seed  some  distance  from  the  parent  plant  ? 

(12).  Taste  the  green  seed  and  the  green,  juicy  stem.  Do  you  not 
think  it  would  add  a  spicy  pungency  to  a  salad  or  a  jar  of  pickles? 

Facts  for  Teachers. — Nasturtiums  are  native  in  Peru  and  Chili,  and  it  is  nc' 
wonder  that  in  those  sunny  lands  its  leaves  developed  in  shield-shape  with  the 
shields  overlapping  until  they  should  form  a  tent  to  shade  the  tender,  growing' 
fruit.  But  they  were  never  meant  to  shield  the  flower  which  thrusts  its  bril- 
liant petals  out  above  the  leaves  and  calls  loudly  to  the  world  to  admire  it.  It 
would  indeed  be  a  pity  for  such  a  remarkable  flower  to  remain  hidden.     Its  five 

sepals  are  united  at 
their  base  and  tie 
hindmost  one  is  ex- 
tended into  a  long 
spur,  a  tube  witli 
a  delectable  nectar- 
well  at  its  tip.  The 
five  petals  are  %t 
arotmd  the  mouth 
of  this  tube,  the 
two  upper  ones  dif- 
fering in  appear- 
ance and  ofifice 
from  those  below; 
these  two  stand  up 
like  a  pair  of  fans 
and  on  them  are 
lines  which  con- 
verge, or  point  in 
the  same  direction, 
and  on  the  upper 
sepals   are     similar 

lines  pointing  toward  the  same  interesting  spot.  And  what  do  all  these  lines  lead  to 
except  a  veritable  treasure  cave  filled  with  nectar?  The  lower  petals  tell  another 
story:  they  stand  out,  making  a  platform  or  doorstep  on  which  the  visiting  bee 
alights;  but  it  requires  a  big,  long-tongued  insect  to  do  the  work  of  this  flower. 
And  what  if  some  little,  inefficient  midge  or  fly  should  alight  on  the  petal  door- 
step and  steal  into  the  cave  surreptitiously?  This  contingency  is  gtiarded  against 
thus :  Each  of  these  lower  petals  narrows  10  a  mere  insect  foot-bridge  at  its  inner 
end;  and  in  order  to  render  this  foot-bridge  quite  impassable  it  is  beset  with  irreg- 
ular little  spikes  and  projecting  fringes  sufficient  to  perplex  or  discourage  any 
small  insect  from  crawling  that  way. 

But  why  all  these  guiding  lines  and  guarded  bridges?  If  we  watch  the  same 
blossom  for  several  successive  days  it  will  reveal  the  secret.  When  a  flower  first 
opens,  the  stamens  are  all  bent  downward,  but  when  the  anther  is  ready  to  open 
its  pollen  doors,  the  filament  lifts  it  up  and  places  it  like  a  sentinel,  blocking  the 


1 .  Nasturtium  flower  in  early  stage  of  blossoming.     Note  the 

anthers  lifted  in  the  path  to  the  nectar  which  is  indicated 
by  the  arrow.    The  closed  stigma  is  shown  deflected  at  a. 

2.  The  same  flower  in  later  stage;  the  anthers  are  empty  and 

deflected .     The  stigma  ii  raised  (a)  in  the  nectar  path. 
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doorway  to  the  nectar  cave.  Then  when  the  robber  comes,  whether  it  be  butterfly, 
bee,  or  hummingbird,  it  gets  a  rotmd  of  pollen  ammunition  for  its  daring.  Perhaps 
there  may  be  two  or  three  anthers  standing  guard  at  the  same  time,  but  as  soon 
as  their  pollen  is  exhausted  they  shrivel  and  give  room  for  fresh  anthers  to  rise. 
Meanwhile  the  stigma  has  its  three  lobes  tightly  closed  and  is  lying  idly  below 
the  anthers;  not  until  after  all  its  own  pollen  is  shed  does  the  style  rise  and  take 
its  position  at  the  cave  entrance,  opening  up  its  stigma  like  a  three-tined  fork 
to  rake  the  pollen  from  any  insect  which  comes,  thus  robbing  the  robber  of 
precious  gold  dust  which  shall  pollinate  the  seeds  in  its  three-lobed  ovary.  Although 
the  flower  needs  to  flare  its  colors  wide  to  call  the  bees  and  hummingbirds,  yet  the 
growing  seeds  must  be  protected;  so  the  stem  which  held  the  flower  up  straight 
now  whorls  around  in  a  spiral  and  draws  down  behind  the  green  shields  the 
triplet  seeds. 

Nasturtium  leaves  are  very  pretty  and  are  especially  fitted  to  make  decora- 
tive water-color  drawings.  The  almost  circular  leaf  has  its  stem  attached  below 
and  a  little  at  one  side  of  the  center;  the  leaves  are  a  brilliant  green  above  but 
quite  pale  beneath  and  take  on  a  silvery  shine  when  placed  under  water.  Water 
does  not  cling  to  their  stuiace  but  immediately  rolls  off  to  fall  on  the  soil  at  their 
roots  instead  of  drying  off  into  the  air. 

The  succulent  stems  have  a  way  of  twisting  half  way  around  the  wires  of  a 
trellis  and  thus  of  holding  the  plant  secure  to  its  support.  But  if  there  is  no 
trellis,  the  main  stem  seems  to  respond  to  the  responsibility  and  grows  quite 
stocky,  often  lifting  the  plant  a  foot  or  two  in  height  and  from  its  summit  sending 
out  a  fountain  of  leaf  and  flower  stems. 

All  parts  of  the  nasturtitmi,  leaves,  stems,  opening  buds,  and  fat  green  se^ds, 
are  filled  with  pimgent,  spicy  juices  which  make  a  piquant  addition  to  other 
foods  of  duller  flavor.  The  housewife  finds  that  her  pickles  acquire  a  pleasant 
tang  if  green  nasturtium  seeds  or  the  cut  green  stems  are  scattered  among  them, 
and  that  they  keep  better  if  covered  with  a  layer  of  the  shield-shaped  leaves; 
the  flowers,  too,  are  good  to  eat  and  there  is  no  garnish  for  a  salad  more  attract 
ive  than  a  circlet  of  the  vivid  blossoms. 

Nasturtiums  are  among  the  most  interesting  and  beautiful  of  our  garden  flowers 
and  will  thrive  in  any  warm,  stumy,  fairly  moist  place.  They  bloom  more  freely 
if  the  soil  is  somewhat  poor,  too  luxuriant  a  growth  being  likely  to  cause  them 
to  "run  to  leaves."  Its  combinations  of  color  are  exceedingly  rich  and  brilliant. 
H.  H.  says  of  it, — 

*'  How  carelessly  it  wears  the  velvet  of  the  same 
Unfathomed  red,  which  ceased  when  Titian  ceased 
To  paint  it  in  the  robes  of  doge  and  priest.  ■' 

Reference:  Our  Garden  Flowers,  Keeler. 
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LESSON  III 


1 

m. 

THE    BUMBLEBEE 

0  impress  on  the  minds  of  the  pupils  the  fact 
that  this  insect  is  the  chief  pollen  carrier 
for  many  useful  farm  plants,  such  as  peas 
and  beans  and,  particularly,  the  clovers, 
should  be  the  purpose  of  this  lesson.  That 
they  should,  therefore,  be  kindly  treated 
everywhere,  and  especial  care  be  taken  not 
to  harm  the  queen  bumblebees  -wrhich  are 
seen  flying  over  the  grotmd  in  April  and 
May. 

Materials  and  method. — A  bumblebee  may  be  imprisoned  in  a  tumbler 
for  a  short  period  for  observation  and  then  allowed  to  go  unhamied. 
Ask  the  questions  and  encourage  the  pupils  to  answer  them  as  they 
have  opportunity  to  observe  the  bumblebees  working  in  the  flowers. 
It  is  not  advisable  to  study  the  nest,  which  is  not  only  dangerous  to 
the  pupils,  but  also  means  the  destruction  of  a  colony  of  these  very 
useful  insects.  However,  if  the  location  of  the  nest  is  discovered,  it  may 
be  dug  up  and  studied  after  the  first  heavy  frost.  Special  stress  should 
be  laid  upon  the  observations  of  the  action  of  the  bees  when  visiting 
flowers,  while  the  story  of  the  nest  may  be  read  or  told. 

Observation  by  pupils. — 

(i).  In  how  many  flowers  do  you  find  the  bumblebee?  Watch  her 
closely  and  see  how  she  gets  the  nectar.  Notice  how  she  "bumbles 
around"  in  a  flower  and  becomes  dusted  with  pollen.  Watch  her  and  note 
how  she  gets  the  pollen  off  her  fur  and  packs  it  in  her  pollen  baskets. 
On  which  of  her  legs  are  the  pollen  baskets?  How  does  the  pollen  look 
when  packed  in  them?  What  does  she  do  with  the  pollen  and  the 
nectar? 

(2).  Catch  a  bumblebee  in  a  jelly  glass  and  look  at  her  closely.  Can 
you  see  three  little  eyes  between  the  big  compound  eyes?  Describe  her 
antennae;  are  they  very  active?  How  many  pairs  of  wings  has  she? 
Do  you  think  her  wings  are  very  strong?  Which  pair  of  legs  is  the 
shortest  ?  Can  you  tell  how  many  segments  there  are  in  the  legs  ?  Do 
you  see  the  claws  on  the  foot? 

(3).  Describe  the  bumblebee's  covering.  What  is  the  color  of  her 
plush  coat?    Is  she  furry  above  and  below? 
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(4).  Can  you  see  whether  she  can  bite  as  well  as  suck  nectar  with 
her  mouth-parts?  Will  a  bumblebee  ever  sting  a  person  imless  she  is 
first  attacked  or  hurt? 

(s).  Have  you  not  often  seen  in  the  spring  a  very  large  queen  bumble* 
bee  flying  over  the  groimd,  himting  for  a  place  to  build  a  nest  ?  WhJ 
must  you  be  very  careful  not  to  hurt  her?  How  does  she  pass  the 
winter?    What  does  she  do  first  in  starting  the  nest? 

(6).  In  how  many  ways  does  the  btunblebee  benefit  the  farmer  and 
the  fruit  grower? 

(7).  Write  English  themes  on  the  following  subjects:  **  The  Relation 
of  the  Bumblebee  to  Red  Clover,"  "  The  Autobiography  of  a  Queen 
Btmiblebee.*' 

Facts  far  Teachers, — There  seems  to  have  been  a  hereditary  war  between  the 
farm  boy  and  the  bimiblebee,  the  hostilities  usually  initiated  by  the  boy.  Like 
many  other  wars,  it  is  very  foolish  and  wicked,  and  has  resulted  in  great  harm 
to  both  parties.  Luckily,  the  boys  of  today  are  more  enlightened  and  it  is  to  be 
hoped  that  they  will  endure  a  bee  sting  or  two  for  the  sake  of  protecting  these 


Photo  by  M.  v.  Slingerland 

A  bumblebee's  nest.  Note  the  covered  cells  in  which  the  bee-grubs  are  developed.    Note 
the  original  owner  of  the  nest  at  the  left. 
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diminishing  hosts  upon  which  so  many  flowers  depend  for  carrying  their  po&n; 
for  of  all  the  insects  of  the  field,  the  bumblebees  are  the  best  and  most  needed 
friends  of  the  flowers. 

The  bumblebees  are  not  so  thrifty  and  forehanded  as  are  the  honey-bees,  aad 
do  not  provide  enough  honey  to  sustain  the  whole  colony  during  the  winter.  Only 
the  mother  bees,  or  queens  as  they  are  called,  survive  the  cold  season.  Just  hoir 
they  do  it  we  do  not  know  but  probably  they  are  better  nourished  and  there- 
fore have  more  endurance.  In  eariy  May  or  even  in  the  warm  latter  days  of  April, 
one  of  the  most  delightful  of  spring  visitants  is  this  great,  buzzing  queen  flying 
low  over  the  freshening  meadows,  trying  to  find  a  suitable  place  for  her  nest, 
and  the  farmer  or  fruit  grower  who  tmderstands  his  business  is  as  anxious  as  she 
that  she  find  suitable  quarters,  knowing  well  that  she  and  her  children  will  render 
him  most  efiicient  aid  in  growing  the  fruit  and  seed. 

She  finally  selects  some  cosy  place,  very  likely  the  deserted  nest  of  a  field  mouse, 
and  there  begins  to  build  her  home.  She  toils  early  and  late,  gathering  pollen 
and  nectar  from  the  blossoms  of  the  orchard  and  other  flowers,  which  she  makes 
into  a  special  kind  of  bee-bread  in  which  both  pollen  and  nectar  are  mixed.  This 
is  packed  in  an  irregular  mass  and  on  it  she  lays  a  few  eggs;  each  little  bee  grub, 
as  soon  as  it  hatches,  burrows  into  the  bee-bread,  making  a  little  cave  for  itself 
while  satisfying  its  appetite.  After  it  is  fully  grown,  it  spins  a  cocoon  about 
itself  and  changes  to  a  pupa ;  a  little  later  it  emerges,  a  full-fledged  worker  bum- 
blebee, being  scarcely  more  than  half  as  large  as  her  queen  mother.  These  workers 
or  daughters  of  the  family  find  full  satisfaction  in  life  in  attending  to  the  wants 
of  the  growing  brood.  They  gather  more  pollen  and  mix  it  with  honey,  making 
larger  masses  for  the  young  to  burrow  in.  Meanwhile  the  queen  remains  at  home 
and  devotes  her  energies  to  laying  eggs  for  the  enlargement  of  the  colony.  The 
workers  not  only  care  for  the  yoimg,  but  later  strengthen  the  silken  pupa  cradles 
with  wax  and  thus  make  them  into  cells  for  storing  honey.  When  we  under- 
stand that  the  cells  in  the  bumblebee's  nest  are  simply  made  by  the  yoimg  bees 
burrowing  in  any  direction,  we  can  tmderstand  why  the  bumblebee  comb  is  so 
disorderly  in  the  arrangement  of  its  cells.  Perhaps  the  boy  of  the  farm  would 
find  the  rank  bumblebee  honey  less  like  the  ambrosia  of  the  gods  if  he  knew  that 
it  was  stored  in  the  deserted  cradles  and  swaddling  clothes  of  bumblebee  grubs. 

All  of  the  eggs  in  the  bumblebee  nest  in  the  spring  and  early  summer  develop 
into  workers  which  do  incidentally  the  vast  labor  of  carryiag  pollen  for  thousands 
of  flowers;  to  these  only  is  granted  the  privilege  of  carrying  the  pollen  for  the 
red  clover,  since  the  tongues  of  the  other  bees  are  not  sufficiently  long  to  reach 
the  nectar  in  these  blossoms.  The  red  clover  does  not  produce  seed  in  sufficient 
quantity  to  be  a  profitable  crop  unless  there  are  bimiblebees  to  pollinate  its  flowers. 
When  Australian  farmers  wished  to  introduce  the  red  clover  to  their  pastures 
and  meadows,  they  were  obliged  to  import  the  bumblebee  before  success  attended 
the  effort ;  and  when  the  United  States  sent  red  clover  to  the  Philippiae  Islands, 
the  authorities  were  careful  to  send  at  the  same  time  a  supply  of  the  necessary 
queen  biunblebees. 

Late  in  the  summer,  queens  and  drones  are  devek>ped  in  the  bumblebee  nest, 
the  drones,  as  with  the  honey-bee,  being  the  mates  for  the  queens.  But  of  all 
the  numerous  population  of  the  nests,  only  the  queens  survive  the  rigors  of  winter, 
and  on  them  and  their  success  in  rearing  a  colony  depends  the  future  of  the  bum* 
blebee  species. 
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There  are  many  species  of  biunblebees,  some  much  smaller  than  others,  but 
:liey  all  have  the  thorax  covered  with  plush  above  and  the  abdomen  hairy,  and 
their  fur  is  usually  marked  in  various  ways  with  pale  yellow  and  black.  The 
bumblebee  of  whatever  species  has  short  but  very  active  antennae  and  a  mouth 
fitted  for  biting  as  well  as  for  sucking  nectar.  Between  the  large  compoimd 
eyes  are  three  simple  eyes.  The  wings  are  four  in  number  and  strong;  the  front 
legs  are  very  short;  all  the  legs  have  hairs  over  them  and  end  in  a  three-jointed 
foot,  tipped  by  a  claw.  On  the  hind  leg,  the  femur  and  the  front  tarsal  joint  are 
enlarged,  making  the  pollen  paskets  on  which  the  pollen  is  heaped  in  golden 
masses.  One  of  the  most  interesting  observations  possible  to  make,  is  to  note 
how  the  bumblebee  brushes  the  pollen  from  her  fur  and  packs  it  into  her  pol- 
en  baskets. 

Hot  mid-summer's  petted  crone, 
Sweet  to  me  thy  drowsy  tone 
Tells  of  countless  sunny  hours. 
Long  days,  and  solid  banks  of  flowers; 
Of  gulfs  of  sweetness  without  bound 
In  Indian  wildernesses  found; 
Of  Syrian  peace,  immortal  leisure 
Firmest  cheer,  and  bird-like  pleasure. 

Aught  unsavory  or  unclean 
Hath  my  insect  never  seen; 
But  violets  and  bilberry  bells. 
Maple-sap  and  daffodils. 
Grass  with  green  flag  half-mast  high. 
Succory  to  match  the  sky, 
Coliunbine  with  horn  of  honey. 
Scented  fern  and  agrimony. 
Clover,  catchfly,  adder's  tongue. 
And  brier  roses  dwelt  among; 
All  beside  was  tmknown  waste, 
All  was  picture  as  he  passed. 

Wiser  far  than  human   seer 
Yellow-breeched  philosopher  I 
Seeing  only  what  is  fciir, 
Sipping  only  what  is  sweet. 
Thou  dost  mock  at  fate  and  care, 
Leave  the  chaff  and  take  the  wheat. 

— From  *'The  Humble-bee"  by  Ralph  Waldo  Emerson, 
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THE    PETUNIA 

O  help  the  pupils  to  observe  how  these  floucrs 
arc    fitted  by  their  form  and  mechanism  to 
entice  the  sphinx  or  hummingbird  moths  :is 
visitors  and  to  secure  their  aid  as  pollen  car- 
riers for  fertilizing  the  blossoms,  should  be  the  purpose  of  this  lesson. 

Material  and  method. — Petunias  are  such  determined  bloomers  that 
they  give  us  flowers  up  to  the  time  of  killing  frosts  and  therefore  give 
material  for  nature  lessons.  Each  pupil  should  have  a  flower  in  hand 
to  observe  during  the  lessons  and  should  also  have  access  to  a  petunia 
bed  for  observations  on  the  habits  of  the  plant. 

Observations  by  pupils, — 

(i).  What  colors  do  you  find  in  the  petimia  flowers?  If  striped  or 
otherwise  marked,  what  are  the  colors?  Are  the  markings  symmetrical 
or  irregular  and  blotched? 

(2).  Sketch  or  describe  a  flower,  looking  into  it.  What  is  the  shape  of 
the  corolla  lobes?  How  many  lobes  are  there?  How  are  they  veined? 
What  peculiar  markings  are  at  the  throat  of  the  flower? 

(3).  What  is  the  color  and  position  of  the  stigma?  How  are  the 
stamens  arranged?  How  ntiany  anthers  do  you  see?  What  is  the  color 
of  the  anthers?     Of  the  pollen? 

(4).  Sketch  or  describe  the  flower  from  the  side.  What  is  the 
shape  of  the  corolla  tube  ?  Is  it  smooth  or  fuzzy  ?  How  is  it 
marked?  What  is  the  number  and  shape  of  the  sepals  or  lobes  of 
the  caljrx? 
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(s).  Study  a  freshly  opened  flower  and  describe  the  position  and 
appearance  of  the  anthers  and  stigma.  Do  they  remain  in  these  relative 
positions  after  the  flower  is  old? 

(6).  Cut  open  a  flower,  slitting  it  along  the  upper  side.  Describe 
the  stamens  and  how  they  are  attached.  Is  the  pistil  attached  in  the 
same  manner?  Where  is  the  nectar?  Thrust  a  slender  pencil  or  a 
toothpick  into  the  tube  of  a  fresh  flower.  Does  this  spread  the  anthers 
apart  and  move  them  around?  When  it  is  withdrawn  is  there  pollen 
on  it?  Can  you  see  in  your  opened  flower  the  mechanism  by  which  the 
pollen  is  dusted  on  the  object  thrust  into  the  flower  ? 

(7).  What  insects  have  tongues  sufficiently  long  to  reach  the  nectar- 
well  at  the  bottom  of  the  petunia  flower?  At  what  time  do  these  insects 
fly?  At  what  time  of  day  do  most  of  the  petunia  flowers  open?  Visit 
the  petunia  bed  in  the  twilight  and  note  whether  there  are  any  insects 
probing  the  flowers.  What  insects  do  you  find  visiting  these  flowers 
during  the  day? 

(8).  Sketch  or  describe  the  leaves  of  the  petimia.  How  do  the  leaves 
feel?  Look  at  a  leaf  with  a  lens  and  note  the  fringe  of  hair  along  its 
edges.    Describe  the  veining  of  the  leaf. 

(9).  Describe  the  petunia  stems.  Are  they  stout  or  slender?  How 
do  they  feel?  With  what  are  they  covered?  Where  do  the  flower- 
stems  come  off  from  the  main  stalk? 

(10).  Describe  or  sketch  a  flower-bud  just  ready  to  open.  How  are 
the  tips  of  the  lobes  folded?  How  long  does  the  flower  remain  in  bloom? 
What  is  the  first  sign  of  its  fading? 

(11).  Sketch  or  describe  the  seed-capsule.  Where  does  it  open?  Are 
the  seeds  many  or  few;  large  or  small?  What  is  their  color  when  ripe? 
When  examined  with  a  lens  have  the  seeds  any  pits  or  markings? 

Facts  far  Teachers. — ^These  red-purple  and  white  flowers  which,  massed  in 
borders  and  beds,  make  gay  our  gardens  and  grounds,  in  late  summer  and  early 
autumn,  have  an  interesting  history.  Professor  L.  H.  Bailey  uses  it  as  an  illus- 
tration in  his  thought-inspiring  book,  "The  Survival  of  the  Unlike."  He  says 
that  our  modem  petunias  are  a  strange  compound  of  two  original  species;  the 
first  one  was  found  on  the  shores  of  the  La  Plata  in  South  America  and  was  intro- 
duced into  Europe  in  1823.  "  It  is  a  plant  of  upright  habit,  with  sticky  leaves 
and  sticky  stems  and  very  long-tubed  white  flowers  which  exhale  a  strong  per- 
fume at  nightfall."  The  second  species  of  pettmia  came  from  seeds  sent  from 
Argentina  to  the  Glasgow  Botanical  Gardens  in  1831.  "This  is  a  more  compact 
plant  than  the  other,  with  a  dectmibent  base,  narrower  leaves,  and  small,  red- 
purple  flowers  which  have  a  very  broad  or  ventricose  tube,  scarcely  twice  longer 
than  the  slender  calyx  lobes."  This  plant  was  called  Petunia  violacea  and  it  was 
easily  hybridized  with  tha  white  species;  it  is  now»  strangely  enough,  lost  to 
cultivation,  although  th«  whit«  sp^deL  is  found  in  wsann  old  gardens.      Thm 
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hybrids  of  these  two  species  are  ancestors  of  our  garden  pettmias  which  show  the 
purple-red  and  white  of  their  progenitors.  The  petunia  is  of  the  Nightshade 
Family  and  is  kin  to  the  potato,  tomato,  egg-plant,  tobacco,  and  Jimson-weed, 
and  like  the  Utter,  its  flowers  are  especially  adapted  to  give  nectar  to  the  long- 
tongued  sphinx  or  hummingbird  moths.  Like  the  potato  and  tobacco,  it  needs 
a  light,  rich,  finely  pulverized  soil  in  which  to  do  its  best. 

The  petunia  corolla  is  tubular  and  the  five  lobes  open  out  in  salver  shape;  each 
lobe  is  slightly  notched  at  its  middle,  from  which  point  a  marked  midrib  extends 
to  the  base  of  the  tube.  In  some  varieties  the  edges  of  the  lobes  are  ruffled. 
Within  the  throat  of  the  tube  may  be  seen  a  network  of  darker  veins,  and  in  some 
varieties  this  network  spreads  out  over  the  corolla  lobes.  Although  many  colors 
have  been  developed  in  petunias,  the  red -purple  and  white  still  predominate; 
when  the  two  colors  combine  in  one  flower,  the  pattern  may  be  symmetrical  but 

is  often  broken  and  blotchy. 

When  a  flower-bud  is  nearly  ready  to  tmfold, 
the  long  bristly  tube  of  the  corolla  lies  with  its 
narrow  base  set  in  the  calyx,  the  long  fuzzy 
lobes  of  which  flare  out  in  bell-shape ;  the  tube 
is  marked  by  lengthwise  lines  made  by  the 
five  midribs;  the  lobes  of  the  corolla  are  folded 
along  the  outer  portions  of  these  midribs  and 
these  folded  tips  are  twisted  together  much  as 
if  someone  had  given  them  a  half  turn  with 
the  thumb  and  finger.  It  is  a  pleasing  exper- 
ience to  watch  one  of  these  flowers  unfold. 
When  the  flower  first  opens,  there  lies  near 
the  bottom  of  the  throat  of  the  tube  the  green 
stigma  with  two  anthers  snuggled  up  in  front 
of  it  and  two  behind  it,  the  latter  being  not 
quite  so  advanced  in  age  as  the  former.  As 
the  filaments  of  the  front  pair  of  anthers  are 
longer  than  those  of  the  rear  pair,  the  little 
group  lies  at  a  low  angle,  offering  a  dusty  door- 
mat for  entering  insects.  If  we  open  a  flower  at  this  stage  we  find  another  anther, 
as  yet  unopened,  and  which  is  on  the  shortest  stamen  of  the  five.  This  seems  to 
be  a  little  pollen-reserve,  perhaps  for  "home  use*'  later  in  the  season.  There  is 
an  interesting  mechanism  connected  with  these  stamens;  each  is  attached  to  the 
corolla  tube  at  the  base  for  about  half  its  length  and  at  the  point  of  attachment 
curves  suddenly  inward  so  as  to  **cuddle  up"  to  the  pistil,  the  base  of  which  is  set 
in  the  nectar  well  at  the  bottom  of  the  flower.  If  we  introduce  a  slender  pencil 
or  a  toothpick  into  the  flower-tube  along  the  path  which  the  moth's  tongue  must 
follow  to  reach  the  nectar,  we  can  see  that  the  stamens,  pressing  against  it  at  the 
point  where  they  curve  inward,  cause  the  anthers  to  move  about  so  as  to  discharge 
their  pollen  upon  it ;  and  as  the  toothpick  is  withdrawn  they  close  upon  it  cogently 
so  that  it  carries  off  all  the  pollen  with  which  it  is  brought  in  contact. 

If  we  look  at  the  stigma  at  the  center  of  its  anther-guard,  it  has  a  certain  close- 
fisted  appearance,  although  its  outer  edges  may  be  dusted  with  the  pollen;  as 
the  flower  grows  older,  the  stigma  stands  above  the  empty  anthers  at  the  throat 
of  the  flower  tube  and  opens  into  two  distinct  lobes.    Even  though  it  may  havs 


A  petunia  blossom  cut  open  on  the 
upper  Side,  showing  the  pistil  sur^ 
rounded  by  the  incurved  stamens 
and  the  partially  opened  stigma 
surrounded  by  ine  anthers.  Note 
the  short  stamen  below  the  pistil. 
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accepted  some  of  its  own  pollen,  it  apparently  opens  up  a  new  stigmatic  surface 
for  the  pollen  brought  from,  other  flowers  by  visiting  insects. 

Dr.  James  G.  Needham  says  thax  at  Lake  Forest  he  has  been  attracted  to  the 
I>etimia  beds  in  the  twilight  by  the  whirring  of  the  wings  of  coimtless  numbers 
of  sphinx  or  hummingbird  moths  which  were  visiting  the  flowers.  We  may  also 
find  these  moths  hovering  over  petunia  beds  in  almost  any  region  if  we  visit  them 
in  the  warmer  evenings.  And  it  is  a  safe  guess  that  the  remote  white  ancestor 
of  our  petunias  had  some  special  species  of  sphinx  moth  which  it  depended  upon 
for  carrying  its  pollen;  and  the  strong  perfume  which  it  exhaled  at  nightfall  was 
an  odor  signal  to  its  moth  friends  to  come  and  feast. 

But  even  though  the  petimia  flowers  are  especially  adapted  to  the  delectation 
of  hawk  moths,  our  bees,  which,  like  man,  have  claimed  all  the  earth,  will  work 
industriously  in  the  petimias,  scrambling  into  the  blossoms  with  much  reiSon- 
stmting,  high-pitched  buzzing  because  of  the  tight  fit,  and  thus  rifle  the  nectar- 
wells  that  were  meant  for  insects  of  quite  different  build. 

The  leaves  of  the  petunia  arc  so  broadly  ovate  as  to  be  almost  lozenge-shape, 
especially  the  lower  ones;  they  are  soft  and  have  prominent  veins  on  the  lower  side ; 
they  are  without  stipules  and  have  short,  flat  petioles.  The  stems  are  soft  and 
fuzzy  and  are  usually  decimibent  at  the  base,  except  the  central  stems  of  a  stool 
or  cltunp  which,  though  surrounded  by  kneeling  sisters,  seem  to  prefer  to  stand 
iip  straight. 

The  flower  stems  come  off  at  the  axils  of  the  leaves,  the  lower  flowers  opening 
first.  The  blossoms  remain  open  about  two  days.  At  the  first  sign  of  fading 
the  lobes  of  the  corolla  droop  dejectedly  like  a  frill  that  has  lost  its  starch,  and 
finally  the  corolla,  tube  and  all,  drops  off,  leaving  a  little  conical  seed-capsule 
nestled  snugly  in  the  heart  of  the  bell-shaped  calyx.  At  this  time  if  this  peaked 
cap  of  the  seed  vessel  be  removed,  the  many  seeds  set  upon  the  fleshy,  conical 
placenta  look  like  tiny  white  pearls.  As  the  capsule  ripens  it  grows  brown  and 
glossy,  like  glazed  Manila  paper,  and  is  nearly  as  thin;  then  it  cracks  precisely 
down  its  middle  and  the  seeds  are  spilled  out  at  any  stirring  of  the  stems.  The 
ripe  seeds  are  dark  brown,  almost  as  fine  as  dust,  and  yet,  when  examined  with 
a  lens,  they  are  seen  to  be  exquisitely  pitted  and  netted. 

Mine  are  possessions  rare. 
Domains  of  lucent  air. 
Rich  perfumes  redolent 
Charmed  from  the  Orient; 
The  whorled  flowers,  the  trees. 
Those  bacchanals,  the  bees, 
The  notes  of  chirping  birds, 
The  lowing  of  sleek  herds; 
Sunlight,  moonlight  are  mine 
And  the  cloud's  crystal  wine! 

—CUnlon  ScoUard. 
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LESSON  V 

THE    POPPY 

OP  PIES  have  an  interest  of  their  own  for  tk 
children,  and  they  are  plants  which  are  corrr 
mercially  and  historically  of  much  importance 
Material  mtd  method , — It  is  best  to  sttidy 
these  flowers  in  the  garden,  but  the  lesson  may 
be  given  if  some  of  the  plants  with  the  buds  be  brought  to  the  school- 
room, care  being  taken  that  they  do  not  droop.  If  the  teacher  thinks 
wise,  the  pupils  might  prepare  an  EngHsh  theme  on  the  subject  of  the 
opium  poppy  and  the  terrible  effects  of  opium  upon  the  Oriental  nations. 

Observations  by  pupils. — 

(i).  Look  at  the  bud  of  the  poppy.  How  is  it  covered?  How  many 
sepals?  Can  you  see  where  they  unite?  Is  the  stem  bent  because 
the  bud  is  heavy?  What  happens  to  this  crook  in  the  stem  when  the 
flower  opens?    Does  the  crook  always  straighten  out  completely? 

(2).  Describe  how  the  poppy  sheds  its  sepals.  At  what  time  of  day 
do  the  poppies  usually  open? 

(3).  Look  beneath  or  at  the  back  of  an  open  flower.  How  many 
petals  do  you  see?  How  are  they  arranged?  Look  into  the  face  of 
the  flower.  How  many  petals  do  you  see?  How  are  they  arranged 
in  relation  to  the  lower  petals. and  to  the  pistil? 

(4).  Look  at  the  globular  pistil.  Describe  the  disc  which  covers  it. 
How  many  ridges  on  this  disc?  How  are  they  arranged?  Look  at  the 
ridges  with  a  lens  and  tell  what  they  are. 

(5).  Look  at  the  stamens.  How  are  they  arranged?  Describe  the 
anthers, — their  color,  and  the  color  ot  the  pollen.  Watch  the  bees  working 
on  the  poppies  and  note  whether  they  are  after  nectar  or  pollen. 
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(6).  Find  all  the  varieties  of  poppies  possible  and  note  their  colors, 
as  follows:  The  petals  on  the  outside,  the  inside,  and  at  the  base;  the 
stamens,  including  filaments,  anthers,  and  pollen;  the  pistil  disc  and 
ovary.  Sketch  the  poppy  opened  and  also  in  the  bud.  Sketch  a  petal, 
a  stamen,  and  the  pistil  in  separate  studies. 

(7),  Study  the  poppy  seed-box  as  it  ripens:  How  does  the  stigma- 
disc  look?  What  is  the  shape  of  the  capsule  below  the  disc?  Is  it 
ridged?  What  relation  do  its  ridges  bear  to  the  stigma-ridges  on  the 
disc?  Cut  a  capsule  open  and  note  what  these  ridges  on  the  outside 
have  to  do  with  the  partitions  inside.    Where  are  the  seeds  borne  ? 

(8).  Note  the  development  of  the  holes  beneath  the  edge  of  the  disc 
of  the  poppy  capsule.  How  are  they  made?  What  are  they  for?  How 
are  the  seeds  shaken  from  their  holes?  What  shakes  the  poppy  seed- 
box  and  helps  to  sow  the  seeds?  Look  at  a  seed  through  a  lens  and 
describe  its  form  and  decoration. 

(9).  Notice  the  form  of  the  poppy  and  find  whether  it  is  hairy  or 
covered  with  bloom.  What  is  there  peculiar  about  the  smell  of  the 
poppy  plant?    Where  do  poppies  grow  wild? 

(10).  Is  the  slender  stem  smooth  or  grooved  and  hairy.  Is  it  solid 
or  hollow? 

(ii).  When  a  stem  or  leaf  is  pierced  or  broken  off,  what  is  the  color 
of  the  juice  which  exudes?  Does  this  juice  taste  sweet  or  bitter  and 
unpleasant?  Do  you  know  what  harmful  drug  is  manufactured  from 
the  juice  of  one  species  of  poppy?  What  coxmtries  cultivate  and  use 
it  most  extensively? 

Fads  for  Teachers, — ^I  know  of  nothing  so  deceptive  as  the  appearance  of  the 
poppy  buds  which,  rough  and  hairy,  droop  so  naturally  that  it  seems  as  if  their 
weight  must  compel  the  stem  to  bend,  and  yet  if  we  test  it,  we  find  the  stem  is 
stiff,  as  if  made  of  steel  wire.  Moreover,  the  flower  and  the  ripened  seed-capsule 
must  l)e  far  heavier  than  the  bud.  And  yet  as  soon  as  the  flower  is  ready  to  open, 
the  stem  straightens  up,  although  it  does  not  always  remove  the  traces  of  the 
crook.  After  the  seed-box  is  full  of  ripened  seed  the  stem  holds  it  up  particu- 
larly stiff,  as  if  inviting  the  wind  to  shake  out  the  seeds. 

The  rough  covering  of  the  bud  consists  of  two  sepals,  as  can  be  easily  seen. 
If  we  wish  to  see  the  poppy  shed  its  sepals  we  must  usually  get  up  in  the  morning, 
for  the  deed  is  ordinarily  done  as  soon  as  the  first  rays  of  the  early  sun  bring 
their  message  of  a  fair  day.  The  sepals  break  off  at  their  base  and  fall  to  the  ground. 
The  two  opposite  outer  petals  imfold,  leaving  the  two  inner  petals  standing  erect 
on  guard  about  the  precious  pollen  imtil  the  sunshine  folds  them  back.  An  open 
poppy  when  looked  at  below  shows  two  petals,  each  semi-circular  and  over- 
lapping each  other  slightly;  looked  at  from  above,  we  see  two  petals,  also 
half  circles,  set  at  right  angles  to  the  lower  two  and  divided  from  each  other 
by  the  pistil. 


^ 
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The  pistil  of  the  poppy  is  a  fascinating  box,  from  the  beginning.  At  first  it 
is  a  vase  with  a  round,  circular  cover  upon  which  are  ridges,  placed  like  the  spokes 
of  a  wheel.  If  these  ridges  are  looked  at  with  a  lens,  particles  of  pollen  may 
be  seen  adhering  to  them.  This  fact  reveals  the  secret  that  each  ridge  is  a  stigma; 
and  all  of  these  radiating  stigmas  are  united  in  a  disc,  making  a  plate  to  catditte 
pollen.  In  a  circle  of  fringe  about  the  pistil  are  the  stamens.  In  the  study  of  tie 
stamens  we  should  note  whether  their  filaments  expand  or  dilate  near  tk 
anther,  and  we  should  also  note  the  color  of  the  masses  of  pollen  which  oovd 
out  from  the  anthers. 

Despite  the  many  varieties  of  poppies,  there  are  only  four  species  commonly 
cultivated.  The  opium  poppy  has  upon  its  foliage  a  white  bloom,  the  filameots 
of  its  stamens  are  dilated  at  the  top,  and  its  seed-capsule  is  smooth.  This  b  the 
plant  which  in  famine-stricken  India  is  yet  allowed  to  monopolize  many  square 
miles  of  fertile  land  in  place  of  the  life-sustaining  wheat  or  barley.  It  also  caused 
a  fierce  war,  whereby  the  Empire  of  China  was  compelled  to  admit  its  poisoDou^ 
product  freely  in  her  ports  despite  the  harm  and  misery  such  commerce  mus; 
bring  to  her  people.  It  may  be  explained,  if  the  teacher  thinks  best,  that  opium, 
when  administered  by  a  physician  for  the  relief  of  pain,  is  a  useful  medicine  but 
is  a  dangerous  poison  and  intoxicant  when  used  otherwise. 

The  Oriental  poppy  has  the  characteristic  form  of  the  opium  plant  except  that 
its  foliage  is  green  and  not  covered  with  bloom.  Its  blossom  is  scarlet  and  ven 
large  and  has  the  purple  center  in  the  petals  and  purple  stamens.  Its  flower- 
stalks  are  stout  and  leafy.  The  com  poppy,  which  grows  in  the  fields  of  Europe 
as  a  weed,  we  gladly  cultivate.  This  naturally  has  red  petals  and  is  dark  at  the 
center  of  the  flower,  but  has  been  changed  by  breeding  tmtil  we  now  have  maay 
varieties;  its  foliage  is  finely  cut  and  very  bristly  or  hairy;  its  seed-capsule  is 
not  bristly.  To  see  this  poppy  at  its  best,  we  should  visit  northern  Italy  in  ]at« 
May  where  it  makes  the  wheat-fields  gorgeous.  The  Arctic  or  Iceland  poppy  has 
the  flowers  of  satiny  texture  crumpled  in  a  wonderful  manner;  its  colors  are  yellow, 
orange  or  white,  but  never  scarlet  like  the  com  poppy;  it  has  no  leaves  on  its 
flower  stem  and  its  seed-capsule  is  hairy.  Of  these  four  species,  the  opitmi  poppy 
and  the  com  poppy  are  annuals,  while  the  Arctic  and  the  Oriental  species  &Te 
perennials.    The  Oriental  poppy  has  three  sepals. 

The  bees  like  the  poppy  pollen  and  it  is  a  delight  to  watch  the  fervor  with 
which  they  simply  wallow  in  it,  brushing  off  all  of  the  grains  possible  on  their 
hairy  bodies.  I  have  often  seen  a  honey-bee  seize  a  bunch  of  the  anthers  and 
rub  them  against  the  imder  side  of  her  body,  meanwhile  standing  on  her  head  in 
an  attitude  of  delirious  joy.  As  showing  the  honey-bee's  eye  for  color,  I  have 
several  times  seen  a  bee  drop  to  the  ground  to  examine  a  red  petal  which  hsid 
fallen.  This  was  plainly  evidence  that  she  trusted  to  the  color  to  guide  her  to 
the  pollen. 

But  perhaps  it  is  the  development  of  the  poppy  seed-capsule  which  we  find 
the  most  interesting  of  the  poppy  performances.  After  fertilization,  the  stignu- 
disc  develops  a  scalloped  edge,  each  stigma  rounding  out  into  the  point  of  each 
scallop;  and  from  the  center  of  each  scallop  is  a  sharp  ridge  which  extends  the 
length  of  the  wall  outside  the  globular  capsule.  If  examined  within,  it  wiU  he 
seen  that  this  ridge  is  a  partition  which  extends  only  part  way  toward  the  center 
of  the  capsule.  On  these  partitions  the  little  seeds  are  grown  in  great  profusioo 
and  when  they  ripen  they  fall  together  in  the  hollow  center  of  the  seed-box.   Bu. 
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liow  are  they  to  get  out?  This  is  a  point  of  interest  for  the  children  to  observe 
a,nd  they  should  watch  the  whole  process.  Just  beneath  the  stigma-disc  and 
between  each  two  of  the  inner  ridges  or  partitions,  the  point  loosens;  later  it  bends 
outward,  leaving  a  hole  which  leads  directly  into  the  central  hollow  portion  of 
the  capsule.  The  way  these  points  open  is  as  delightful  a  story  as  I  know  in  flowei 
annals.  This  beautifxil  globular  capsule,  with  its  graceful  pedestal  where  it  joins 
the  stem,  is  a  seed-shakisr  instead  of  a  salt  or  pepper  shaker.  Persons  or  animals 
passing  by  push  against  it  and  the  stiff  stem  bends  and  then  springs  back,  sending 
a  little  shower  of  seeds  this  way  or  that;  or  a  wind  sways  the  stalk  and  thus  the 
seeds  are  sown,  a  few  at  a  time  and  in  different  conditions  of  season  and  weather. 
Thus,  although  the  poppy  puts  all  her  eggs  in  one  basket,  she  sends  them  to  market 
a  few  at  a  time.  The  poppy  seed  is  a  pretty  object  when  seen  through  a  lens. 
It  is  shaped  like  a  round  bean  and  is  covered  with  a  honey-comb  network. 

Along  Ancona's  hills,  the  shimmering  heat 
A  tropic  tide  of  air  with  ebb  and  flow. 
Bathes  all  the  field  of  wheat  until  they  glow 
Like  flashing  seas  of  green  which  toss  and  beat 
Around  the  vines.     The  poppies,  lithe  and  fleet 
Seem  running,  fiery  torchmen,  to  and  fro 
To  mark  the  shore. 

— Helen  Hunt  Jackson^ 

Bright  and  still  in  noon-day  heat 

The  poppies  blaze  and  glow, 

Fluted  and  ruffled,  fold  on  fold, 

With  crinkled  petals,  and  hearts  of  gold. 

And  delicate  buds  below. 

— Angelina  W,  Wray, 

Nid-nid-nodding  in  the  sun, 
Poppy  buds  hang  over,  one  by  one  ; 
All  the  garden  alleys  glow  with  heat; 
Slow  and  languid  are  the  little  feet. 
Glad  to  linger  in  the  doorway  cool. 
Home  at  noon  from  school. 

-^Lucy  Larcam, 
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The  salvia  or  scarlet  sage.  Note  the  falling  bracts. 


LESSON  VT 

SALVIA  OR  SCARXBT  SAGE 

Purpose, — ^To  help  the 
children  to  observe  for 
themselves  how  "wonder- 
ful is  the  mechanism  bj 
which  this  flower  secures 
the  help  of  insects  fcr 
the  cross-pollination  so 
needful  to  its  existence. 

Material  and  method.— 
Each  pupil  should  ha\-e 
a  sprig   of    the    plant 
bearing:  buds  and  flowers 
in  different  stages  of  ma- 
turity.   The  structure  of 
the  flower  may  be  studied 
in  the  schoolroom  and  its 
mechanism  there  under- 
stood, but  the  most  im- 
portant part  of  the  lesson 
is  the  observation  out- 
of-doors  of  the  way  the 
bees   work   the    levers 
when  seeking  the  nectar. 
This  is  best  observed 
during   late    September 
or  October,  when  other 
flowers  are  mostly  gone 
and  when  the  bees  are 
working   with    frantic 
haste  to  get  all  the  honey 
possible. 

Observations  by  pupils.— 

(i).  How    does   the 

calyx  of  the  salvia  differ 

from  that  of  any  other 
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flower  in  color?     How  does  it  differ  from  the  corolla  in  texture?    How 
many  lobes  has  it?    How  are  the  lobes  placed  about  the  corolla? 

(2).  What  is  the  shape  of  the  corolla?  How  does  it  make  a  hood 
over  the  entrance  to  the  tube?  What  does  the  hood  hold?  Is  there 
any  platform  made  by  the  lower  lobe  of  the  corolla  for  a  visiting  insect 
to  alight  upon? 

(3)  Cut  open  one  side  of  the  corolla  and  describe  how  the  stamens 
are  arranged.  Thrust  your  pencil  into  an  uninjured  flower  and  see 
if  the  anthers  in  the  hood  are  moved  by  it.  How?  Describe  how  a 
bee  in  visiting  this  flower  moves  the  anthers  so  as  to  become  dusted 
with  pollen. 

(4).  Where  is  the  stig- 
ma? How  does  it  receive 
pollen  from  visiting  in- 
sects? Would  it  be  likely 
to  get  the  pollen  scraped 
off  from  its  own  anthers 
by  the  bee?  Why? 

(5).  Experiment  to 
find  where  the  nectar 
is.  Do  you  ever  see  bees 
getting  the  nectar  from 
fallen  flowers?  Do  they 
get  it  from  the  "front" 
or  the  "back-door"  ? 

(6).  What  other  parts 
of  this  flower  are  red, 
which  in  other  flowers 
are  green?  How  does 
this  make  the  budding 

portions  of  the  flower-stem  look?    Why  does  this  make  the  salvia  a 
more  beautiful  plant  for  our  gardens? 

(7).  Compare  the  mechanism  of  the  scarlet  sage  with  that  of  the 
stamens  of  the  common  garden  sage. 

(8).  Compare  the  stems  and  leaves  of  the  scarlet  sage  with  those  of 
its  relative,  and  note  their  likeness  and  difference. 

Fads  far  Teachers. — ^The  flower  story  of  the  sage  is  so  peculiar  that  Darwin  has 
used  it  to  illustrate  the  mechanism  which  the  visiting  insects  must  work  in  order 
to  get  the  nectar  in  some  flowers.  The  scarlet  sage  which  gladdens  our  flower 
beds  during  the  summer  and  autumn  with  its  brilliance  has  as  interesting  a  story 
as  has  any  of  its  family.    Looking  at  it  from  the  outside,  we  should  say  that  its 


z .  Blossom  of  scarlet  sage  as  seen  from  outside. 

2.  The  same  flower  with  side  removed  showing  the  ar- 

rangement of  its  parts, 

3.  A  bee— working  the  stamen  mechanism  as  she  seeks 

the  nectar. 
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nectar-wells  lie  too  deep  to  be  reached  except  by  a  hnrmningtiinl  or  a  moth  or 
butterfly;  there  is  no  lower  lip  or  platform  large  enou^  for  a.  bee  toah^  i^z 
comfortably  and  the  tube  is  too  long  to  be  fathomed  by  a  bee's  toogne.  Br 
bees  are  very  good  business  folk  and  they  adapt  themselves  to  flowers  list  a* 
not  adapted  to  them;  and  in  autumn  the  glow  ci  the  salvia,  attracts  the  eve 
scarcely  more  than  the  hum  of  the  visiting  bees  attracts  the  ear.  The  calyx  of  :be 
salvia  is  as  red  as  the  coxoUa  and  is  somewhat  fuszy,  while  the  oofoDa  is  seoc:i. 
The  calyx  has  a  three-lobed,  bulging  tube  held  stiff  by  rather  strong  veins.  Tzec 
is  one  large  lobe  above  and  two  small  ones  below  the  corolla.  The  ooroOa  ha^a 
tube  more  than  twice  the  length  of  the  calyx.  It  is  pfokmsed  above  intc  2 
projecting  hood  which  holds  the  anthers  and  the  stigma.  It  has  a  ^xnt,  crp- 
like  lower  lip,  and  two  little  turned-back,  ear-lake  lobes  at  the  side. 

The  special  mechanism  of  the  salvia  is  shown  in  the  stanvnsi.  There  are  vwz 
of  these,  lying  fiat  along  the  floor  of  the  corolla  tube  and  grown  fast  to  it.  Ne:^r 
the  mouth,  each  of  these  lifts  up  at  a  broad  angle  to  the  roof  oC  the  tube  ani  is 
more  or  less  T-shaped;  at  the  tip  of  one  of  the  arms  oi  the  T  is  an  anther.  vhiLe 
the  other  arm  is  longer  and  slants  down  and  inward  to  the  floor  of  the  tube. 

The  visiting  bee,  in  entering  the  corolla,  pushes  her  head  against  the  inner  arr 
of  the  stamens,  lifting  them,  and  in  so  doing  causes  the  anthers  on  the  other  arr 
of  the  T  to  dip  downward  and  leave  a  streak  of  pollen  along  her  fuxzy  side&  T2:e 
stigma  is  at  first  concealed  in  the  hood,  but  when  ripe  it  projects  and  bangs  doTi: 
in  front  of  the  opening  of  the  corolla  tube;  in  this  position  it  may  bmsb  along  oce 
side  or  the  other  of  the  visiting  insect,  which  has  been  dusted  with  the  poQen  c: 
some  other  flower.  The  stigma  lobes  open  in  such  a  maimer  that  they  do  &:: 
catch  the  pollen  from  an  insect  backing  out  of  its  own  ccMoQa.  Snoe  the  nectar 
is  at  the  base  of  the  corolla  tube,  the  bees,  in  order  to  get  it,  must  crawl  in  afcn:?: 
out  of  sight.  Late  in  the  season  they  seem  to  go  crazy  when  gathering  this  necrar. 
and  I  have  often  seen  them  searching  the  bases  of  the  flowers  which  have  fallen 
to  the  ground  in  order  to  get  what  is  left. 

But  the  pollen  story  is  not  all  that  is  of  interest  in  the  salvia.  Some  of  tbe 
parts  of  the  flower,  which  are  green  in  most  blossoms,  are  scarlet  as  a  cardinal's 
robe  in  this.  li  we  look  at  a  flower  stalk,  we  see  that  iU  t^  looks  biaided  and 
flattened;  this  appearance  is  caused  by  the  scarlet,  long-pointed  bracts,  each  of 
which  covers  with  its  bulghig  base  the  scarlet  calyx,  wiEich  in  tmn  enfolds  the 
scarlet  flower  bud;  these  bracts  fall  as  the  flowers  are  ready  to  open,  malmig  a 
brilliant  carpet  about  the  plant.  Each  flower  stem  continaes  to  develop  bods 
at  its  tip  for  a  long  season;  and  this,  taken  together  with  its  scarlet  bracts  and 
flowers,  renders  the  salvia  a  thing  of  beauty  in  o-jr  gardens  and  makes  it  cry  abad 
to  pollen  carriers  that  here,  even  in  late  autunm,  there  is  plenty  of  nectu: 


LESSON  vn 

A  LBSSON  ON  THB  SUNFLOWBR 


Purpose. — ^To  help  the  pupils  to  observe  tmderstandingly  this  typical 
flower  of  the  great  Composite  Family,  ia  order  that  they  may  com* 
prebend  not  only  its  own  life  story  but  also  that  of  its  many  xdatives. 
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Drawing  by  Anna  Stryke 

The  sunfUm/er.  Next  to  the  ray-flawers  are  the  florets  in  last  stages  of  blossoming  with 
stigma  protruding;  next  within  are  rows  in  the  earlier  stage  with  pollen  bursting 
from  anther  tube,  while  at  center  are  the  unopened  btids^ 
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Material  and  Method. — If  possible,  put  a  flower-head  in  the  hands 
of  each  pupil.  If  this  is  not  practicable,  there  should  be  several  flowen 
on  the  teacher's  desk  in  progressive  stages  of  bud,  bloom,  and  seed 
formation.  Sunflower  units  may  be  studied  very  readily  with  tk 
unaided  eye,  but  for  most  composite  blossoms  a  lens  is  almost  a  neoessitT. 

Observations  by  Pupils. — 

(i)  Can  you  see  that  what  you  call  the  flower  consists  of  many  Aowks 
set  together  like  a  beautiful  mosaic?  Those  at  the  center  are  callei 
disk-flowers;  those  around  the  edges,  bamier  or  ray-flowers. 

(2.)  Note  that  the  flowers .  around  the  edges  have  different  shap^i 
corollas  from  those  at  the  center.  How  do  they  differ?  Why  shcril 
these  be  called  the  banner-flowers?  Why  should  they  be  called  ray- 
flowers?  How  many  banner-flowers  are  there  in  the  flower  family  that 
you  are  studying?  How  are  the  bamiers  arranged  to  make  the  flower- 
head  more  attractive?  Cut  off  or  ptill  out  all  the  banner-flowers  and 
see  how  the  flower-head  looks.  What  do  the  banner-flowers  hold  ctj: 
their  banners  for?  Is  it  to  attract  us  or  the  insects?  Has  a  banner- 
flower  any  stigma  or  stamens? 

(3.)  Study  the  flowers  at  the  center.  Are  they  open  or  are  they 
unfolded  buds?  Can  you  make  a  sketch  of  how  they  are  arran^d? 
Are  any  of  the  florets  open?  What  is  the  shape  and  color  of  the  corolla? 
Can  you  see  the  stamen  tubes  pushing  out  from  some  of  the  flowers? 
What  color  are  the  stamen  tubes?  Can  jom  see  the  two-parted  stigmas  in 
others  ?  What  color  is  the  pollen  ?  Do  the  florets  at  the  center  or  at  tie 
outside  of  the  disk  open  first  ?  When  they  first  open  do  you  see  the  stamen 
tube  or  the  stigma  ?   How  do  the  stigmas  avoid  getting  their  own  pollen ' 

(4.)  Take  a  flower-head  apart  and  examine  the  florets.  Can  you  see 
what  part  of  the  floret  will  be  the  seed?  Is  there  a  fringe  of  papptzs 
above  it?  Does  the  pappus  help  the  sunflower  seed  as  it  does  the  seed 
of  the  thistle? 

(5.)  Study  the  ripe  seeds.  How  are  they  scattered?  In  what  com- 
posite flowers  have  the  seeds  balloons?  Is  the  balloon  close  to  the 
seed?    Is  it  fastened  to  all  parts  of  it? 

(6.)  What  is  the  shape  and  color  of  the.  stmflower  seed?  Is  it  attached 
by  the  larger  or  smaller  end?  At  what  part  of  the  seed  does  the  shell 
break  most  readily?  Is  the  "meat  '  of  the  seed  solid,  or  does  it  separate 
readily  into  halves?  Can  you  see  the  germ  or  baby  plant  in  the  seed? 
Crush  a  seed  on  a  bit  of  paper  between  something  hard  like  two  stones 
or  a  boot-heel:  does  the  paper  show  that  the  seed  contains  oil?  Is  the 
seed  pleasant  to  the  taste? 
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(7.)  Note  the  shape  of  the  unopened  flower-head.  Do  the  green  bracts 
w^hich  enfold  it  and  which  encircle  the  open  flowers  number  as  many 
as  the  banner-florets? 

(8.)  How  do  the  flower-heads  hold  themselves  before  blossoming? 
"When  blossoming?  Do  they  really  *'tum  to  the  sun  when  he  sets,  the 
same  face  that  he  saw  when  he  rose?  " 

(9.)  How  is  the  ripened  seed-head  carried  to  protect  it  from  moisture? 

(10.)  Are  stmflower  stems  stout  or  slender;  rough  or  smooth;  round 
or  angled;  solid  or  hollow? 

(11.)  What  is  the  shape  of  the  leaves?  Do  they  grow  opposite  or 
alternately  on  the  stalk?  Are  they  smooth,  rough,  woolly  or  hairy? 
Are  the  lower  leaves  shaded  by  the  upper  ones  as  they  grow?  If  not, 
how  are  the  upper  leaves  borne  on  the  plants  so  as  not  to  keep  the 
sunlight  from  their  sisters  below? 

(12.)  Do  wild  birds  eat  stmflower  seeds,  and,  if  so,  what  species  have 
you  seen  visiting  the  plant  in  search  of  food?  Are  the  seeds  good  for 
poultry  or  other  animals  as  food? 

Facts  for  Teachers. — ^The  annual  or  garden  sunflower  comes  to  us  from  South 
America.  Were  its  merits  better  known,  it  would  be  more  extensively  grown 
in  this  country  as  it  is  in  Russia  and  India,  Italy  and  France.  In  Russian  cities 
the  seeds  are  sold  on  the  streets  as  peanuts  are  here,  except  that  they  are  eaten 
raw.  A  sweet -tasting  oil,  almost  equal  to  that  from  the  olive  is  expressed  from 
the  seed  and  is  used  for  the  table  and  in  making  flne  soaps  and  candles.     As  a 


I.  A  floret  of  the  sunflower  in  the  bud  stage  as  it  appears  at  the  center  of 
the  sunflower. 


2.  A  floret  in  earliest  stage  of  blossoming. 

3.  A  floret  in  the  latest  stage  of  bloom  wUh  the  parts  named. 

4.  A  ray-  or  banner- flower. 
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feittening  food  for  potdtry  and  stock  the  seeds  are  held  in  great  esteem.  The 
banner-florets  are  used  in  making  a  yellow  dye  and  the  leaves  axe  ^[athexed  fcT 
fodder.  Its  thick,  woody  stalks  and  roots  are  used  for  fuel,  the  ashes  of  which 
are  returned  to  the  soil  as  a  fertilizer. 

The  sunflower's  showy  ray-florets  are  barren,  serving  only  to  attract  tlae  poUeo- 
hunting  insects  to  visit  the  more  numerous  disk-flowers  and  fertilize  tbezn.  Tix 
sunflower  disk  is  a  floral  community,  each  individual  a  perfect  floorer,  with  a 
tubular,  five-lobed  corolla,  within  which  are  five  stamens  with  the  anthers  joined 
in  a  tube;  there  is  a  single  style  with  a  two-parted  stigma,  which  does  not  protnid* 
nor  open  xmtil  after  the  pollen  of  its  own  floret  has  ripened  and  dispersed. 

The  x>appus  consists  of  only  two  chaffy  awns  which  fall  away  as  soon  as  the  seel 
is  thoroughly  ripe.  Very  different  is  this  from  the  pappus  which  makes  the  balkoc 
of  the  thistle  seed.  Sunflower  seed  is  large,  fat,  four-angled,  blunt  at  the  top. 
and  tapering  slightly  to  the  base.  It  is  somewhat  flattened  and  the  shell  breaks 
most  readily  at  the  two  acute  angles.  The  two-parted  meat  is  white,  sweet, 
and  pleasant  to  the  taste  and  is  very  rich  in  oil  and  starch,  two  things  very  neces- 
sary in  the  food  of  all  animals,  including  man. 

The  flower-head  when  opening  is  lifted  to  the  sun,  which  it  does  to  some  ejctent 
follow  in  his  course.  But  when  the  florets  are  all  fertilized,  the  head  bows  down- 
ward, bringing  the  growing  seeds  under  a  fringed  umbrella  formed  by  the  bracts. 
The  stem  grows  hard  and  rigid  and  the  disk  itself  curves  into  a  sort  of  rounded 
roof. 

Wild  birds  are  extremely  fond  of  the  seeds;  goldfinches,  sparromrs,  and  gros- 
beaks make  circus  acrobats  of  themselves  in  securing  the  seed  from  the  heads 
so  stiffly  held  "upside  down." 

Sunflowers  will  grow  for  anybody  and  anjrwhere.  They  vary  from  three 
to  eight  or  ten  feet  tall,  according  to  soil  and  care  in  cultivation.  When  grown 
in  a  field  they  shotdd  be  planted  about  two  feet  apart  and  cultivated  like  com. 
Cattle  are  almost  as  fond  of  the  big,  rough,  heart-shaped  leaves  as  the  chickens 
are  of  the  seeds.  These  leaves  have  long  stems,  particularly  the  lower  ones. 
but  in  spite  of  this  fact  they  are  often  "shaded  down"  by  their  sisters  above  and 
die  for  lack  of  light,  so  that  the  plants  become  "leggy"  and  unsightly  toward 
the  season's  end. 

Besides  the  contmion  garden  stmflower,  there  are  many  other  varieties,  some 
growing  wild  and  some  much  prized  in  the  flower  gardens  for  their  gorgeotis 
color  and  beauty.  A  clump  of  perennial  sunflowers  of  the  variety  listed  in  the 
seedsman's  catalogs  as  Heliantkus  grandifhrus  is  an  acquisition  to  any  garden 
because  of  its  large  double  flowers  and  long  season  of  bloom.  One  of  the  wild 
sunflowers  is  commonly  called  Indian  Potato,  because  of  its  large  fleshy  roots 
which  the  Indians  used  as  food. 


LESSON  VIII 

THB  bachelor's  BUTTON 

Purpose, — ^To  lead  the  children  to  observe  the  likenesses  and  dif- 
ferences in  the  form  of  related  flowers,  bachelor's  button  or  the  corn- 
flower and  the  sunflower  being  both  Composites. 


Digitized  by  VjOOQIC 


Teacher's  Leaflet 


105 1 


;  Material  and  Method, — A  flower-stem  with  leaves,  buds,  and  blos- 
soms in  the  hands  of  each  pupil.  This  lesson  should  not  be  given  until 
the  sunflower  has  been  studied  and  understood. 

Observations  by  Pupils. — 

(i.)  What  part  of  the  flower  of  the  bachelor's  button  resembles  the 
florets  of  the  stmflower  in  shape?  Describe  the  ray-flowers.  Do  they 
have  a  pistil  or  stamens?  Describe 
a  disk-flower  when  it  just  opens. 
Describe  a  disk-flower  after  the  stig- 
ma appears. 

(2.)  What  different  colors  do  you 
find  in  a  bed  of  bachelor's  buttons  ? 
Is  the  color  displayed  in  the  florets 
of  the  disk  or  by  the  ray-florets? 

(3.)  What  color  are  the  anthers?  Is 
the  anther-tube  straight  like  that  of 
the  sunflower?  What  is  the  color  of 
the  pollen? 

(4.)  Describe  the  bracts  which  en- 
circle the  flower-head. 

(5.)  Are  the  seeds  of  the  bachelor's 
button  shaped  Uke  those  of  the  sun- 
flower? At  what  part  are  they  at- 
tached to  the  disk? 

(6.)  Does  the  flossy  pappus  adhere 
to  the  seed,  and  do  you  think  it 
would  assist  the  seed  to  travel,  as 
the  down  of  the  thistle  helps  that 
plant  to  scatter  its  seeds? 

Facts  for  Teachers, — ^This  beautiful 
garden  flower  gives  a  variation  in  form 
from  other  Composites.  It  came  to  tis 
from  Europe  and  it  sometimes  escapes 
cultivation  and  runs  wild  in  a  gentle 
way.  We  call  it  bachelor's  button,  but 
in~  Europe  it  is  called  the  cornflower  and 
under  this  name  it  has  fotmd  its  way 
into  literature. 

None  of  the  flowers  that  live  in  fami- 
lies on  a  single  stem  repay  close  study 
better  than  does  the  bachelor's  button.     ^  Bachelor's  button.   Note  the  trumpet^ 
The  ray-flowers  are  tubular  but  they  do  shape  of  the  rav' flowers. 
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not  hsLye  banners.  Their  tubes  flare  open  like  tnxcipets  aad  iradirrd  tbey  mrs 
color  tnzmpets,  heralding  to  the  insect  world  that  thexe  is  rmHr^s.r-  rsese  zzt  ibr 
probing,  and  pollen  for  exchange.     Looked  at  from  abo^«,  the  S23  h5i  •ca  dr 

not  seem  tubular,  but  from  the  sides  they  show  as  nneT^es^-d^-^^nrff   t^  j pKs 

with  lobed  edges.  Though  we  search  each  trumpet  to  zis  sirraZ^T  deptbs,  we 
shall  find  neither  stamens  nor  pistils;  these  xa^r-florets  ha^«  oc  d-ziy  ^  tbe  w^t  cf 
maturing  seeds.    In  some  varieties  the  ray-flowers  are  white  a^vi  in 


are  blue  or  purple;  they  vary  in  number  from  seven  to  fcurtecc  cr  rzjiT^. 

The  disk-flowers  have  a  long  corolla  tube,  which  is  whiie  and  oelizs.Z4 
and  is  enlarged  toward  the  upper  end  to  a  purple  bulb  with  ^ne  jzcl^ 
lobes.  The  anther  tube  is  purplish-black  and  is  bent  into  ahn-c-si  &  '=jz<:1l.  the 
tip  bending  toward  the  middle  of  the  flower-head.  The  poQui  is  glisz^si^zL^  w-hite. 
faintly  tinged  with  yellow,  and  looks  very  pretty  as  it  pushes  fzmti  trzzr.  the 
dark  tubes.  The  purple  stigma  first  appears  with  its  tips  close  tc-gctber.  rrt 
later  opens  into  a  short  Y.  The  buds  at  the  middle  of  the  flower  are  bcsn  broi- 
shaped  over  the  center  of  the  flower-head. 

The  involucral  bracts  or  "shingles"  are  very  pretty,  each  one  eman:czzied  with 
a  scaly  fringe.  They  form  a  long,  elegantly  shaped  base  for  the  flowcr-bcad-  After 
the  flowers  have  fallen  and  the  seeds  ripen,  these  bracts  flare  open,  Tr--alri?ig  a. 
wide-mouthed  urn  from  which  the  seeds  are  shaken  by  the  winds;  azKi  after  the 
seeds  are  gone,  the  white  fuzz  of  their  empty  cases  remains  at  the  bottoci  of  the 
um.  The  seed  is  plump  and  shining,  with  a  short  fringe  ol  pappos  arotxcd  the 
top  and  a  contracted  place  at  one  side  near  the  base  where  it  grew  fast  to  the 
receptacle;  for  these  seeds  are  not  set  on  end  as  are  those  of  the  sunflawci.  The 
short  pappus  is  hardly  sufficient  to  buoy  up  the  seed,  and  yet  vmdoabtedlj  it 
aids  it  to  make  a  flying  jump  with  the  passing  breere. 


<^>^. 
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It  has  recently  been  said  that  the  nature-study  idea  must  disapfear  v. 
rural  schools  and  that  agriculture  must  take  its  place.  Nothing  can  r« 
farther  from  the  mark.  Nature-study  may  he  directed  more  strongly  k 
agricultural  applications,  as  the  schools  are  ready  for  it,  but  the  procas 
is  still  nature-study.  .  All  good  agricultural  work  in  the  grades  must  hi 
nature-study. 

All  agricultural  subjects  must  be  taught  by  the  nature-study  meik^i 
which  is:  to  see  accurately;  to  reason  correctly  from  what  is  seen;  to  esiaih 
lish  a  bond  of  sympathy  with  the  object  or  phenomenon  that  is  stuiiei 
One  cannot  see  accurately  unless  one  has  the  object  itself.  If  tfie  pupu 
studies  com,  he  should  have  com  in  his  hands  and  he  should  make  lii: 
awn  observations  and  draw  his  own  conclusions:  if  he  studies  cows,  k 
should  make  his  observations  on  cows  and  not  on  what  some  one  has  said 
about  cows.  So  far  as  possible,  all  nature-study  work  should  be  conduckd 
in  the  open,  where  the  objects  are.  If  specimens  are  needed,  let  the  {mpih 
collect  them.  See  that  observations  are  made  on  the  crops  in  the  field  as 
well  as  on  the  specimens.  Nature-study  is  an  outdoor  process:  the  school- 
room should  be  merely  an  adjunct  to  the  out-of-doors^  rather  than  h 
out-of-doors  an  adjwnct  to  the  schoolroom,  as  it  is  at  present. 

— L.  H.  Bailby  in  "The  Nature-Study  Idea." 


The  photograph  illustrating  the  pumpkin  lesson  were  taken  by  Verne 
Morton.     The  one  of  the  horseshoe  geranium  by  S.  L.  Sheldon. 
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TEACHER'S  LEAFLET 

BASED  ON  THE   WORK  FOR  FOURTH    AND  FIFTH  YEAR  PUPILS  AS  OUTLINED 

IN  THE  SYLLABUS    OF  NATURE-STUDY  AND    AGRICULTURE    ISSUED 

BY  THE    NEW  YORK    STATE     EDUCATION    DEPARTMENT 


GARDENING  AND  NATURE  STUDY 

A    FORE-WORD 

HE  garden,  even  in  November,  is  interesting  to  the  eyes 
of  those  that  love  it.  It  is  especially  interesting  to 
note  which  of  the  plants  survive  longest  the  biting 
frosts  and  snow  squalls.  The  verbenas,  the  sweet 
alyssum,  and  the  mignonette  are  the  last  to  lower 
the  flag,  and  even  the  petunia  holds  up  its  blossoms 
much  longer  than  would  be  expected  of  such  a  deli- 
cate plant. 
But  after  our  garden  is  sere  and  gray,  what  then  shall  we  do  in 
garden  nature-study?  First,  there  are  the  fruits  of  the  garden  in  the 
cellar  or  in  the  market,  and  by  studying  them  we  may  gain  a  new 
interest  in  the  plants  which  produce  them.  Second,  it  will  soon  be 
time  to  sow  the  seeds  in  window  boxes,  and  by  studying  the  seeds 
and  their  germination  we  shall  be  able  more  intelligently  to  study 
the  plants  as  they  grow  in  the  garden  next  summer.  Third,  we  have 
the  house  plants,  many  of  them  transplanted  from  the  garden  to  the 
window  boxes  and  there  growing  thriftily  for  our  pleasure;  and  too 
often  are  these  house  plants  the  imwilling  hosts  of  those  self-bidden 
little  guests,  the  plant  lice.  Thus  we  take  up  in  this  lesson  the  pump- 
kin, the  radish,  and  the  cabbage,  the  horseshoe  geranium;  and  within 
a  few  weeks  after  this  leaflet  is  issued  the  song  sparrow  will  again  be 
with  us,  singing  his  little  heart  out  in  the  shrubbery  of  our  gardens. 

[1055] 
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THE  PUMPKIN 

When  the  Pilgrim  fathers  found  the  planted  com  in  those  fields  of 
New  England  which  were  crudely  cultivated  by  the  Indians,  they  found 
growing  there  also  the  pumpkin.  Both  of  these  plants  were  originally 
natives  of  more  southern  lands,  but  had  been  brought  northward  by 
these  savage  cultivators  and  were  ready  to  yield  their  harvest  to  the 
exiles  from  England,  and  thus  to  help  them  to  establish  a  new  nation. 
If  the  pumpkin  were  as  rare  as  some  orchids,  persons  'would  make  long 
pilgrimages  to  look  upon  this  magnificent  plant. 


The  stanUnate  blossom  of  the  pumpkin,  showing  the  anther  knob  cU  the  center, 
bad  of  the  staminate  floxver  at  the  center,  and  a  closed  blossom,  at  the  right 


LESSON  IX 
PUMPKIN  VINB   AND   FLOWERS 

Purpose. — ^To  help  the  children  to  see  for  themselves  something  of  the 
interdependence  of  plants  and  insects:  the  family  to  which  the  pump- 
kin and  squash  belong  is  entirely  tmable  to  develop  fruit  without  the 
aid  of  insect  pollen  carriers. 

Material  and  metliod. — A  part  of  a  vine,  of  both  pumpkin  and  squash, 
bearing  leaves,  tendrils,  both  kinds  of  flowers,  and  if  possible  a  smi'i 
fruit  for  observation  of  its  seed-cells.    The  staminate  flowers  are  usualrj 
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much  more  plentiful  than  the  pistillate,  and  from  a  few  thrifty  vines 
enough  should  be  obtained  to  put  a  flower  in  the  hands  of  each  pupil 
so  that  the  oddity  of  the  anthers  may  be  observed,  and  the  grains  of 
pollen.  Of  course,  it  is  not  advisable  to  pluck  many  of  the  pistillate 
flowers  as  each  one  may  develop  a  fruit.  Later  the  lesson  may  be  given 
on  the  ripe  fruit. 

Observation  by  pupils. — The  pumpkin  vine  and  -flowers. 

1.  Where  is  the  vine  growing  from  which  your  flower  was  taken? 
If  it  is  a  fine,  thrifty  vine,  note  the  kind  of  soil  in  which  it  grew  so  well. 
If  you  have  opportunity  to  compare  the  growth  of  vines  growing  in  a 
field  among  other  plants  with  a  vine  growing  in  a  garden  where  it  may 
be  enriched' and  cultivated,  note  the  difference  caused  by  such  treatment. 

2.  Can  you  tell  the  difference  between  flowers  of  the  pumpkin  and 
those  of  the  squash?    What  part  of  the  flower  shows  what  the  fruit 
will  be?    Are  the  stems  of  the  squash  and  pumpkin  flowers  alike?  Where  ' 
do  the  flower-stems  come  off  the  main  stalk? 

3.  Do  you  notice  any  difference  in  flowers  growing  on  the  same  vine? 
Look  first  at  the  flowers  having  long,  slender  stems.  What  is  the  shape 
and  color  of  the  blossom?  How  many  lobes  has  it?  Is  each  lobe  dis- 
tinctly ribbed  or  veined?  Is  the  flower  smooth  on  the  inner  and  the 
outer  surfaces,  or  in  any  way  fuzzy  or  spiny?  Are  the  edges  of  the 
lobes  scalloped  or  ruffled? 

4.  Describe  the  calyx  behind  the  spreading  yellow  flower.  Is  it  grown 
fast  to  the  corolla  or  may  the  two  be  readily  separated? 

5.  What  do  you  see  in  the  bottom  of  the  golden  vase?  This  yellow 
club  is  formed  by  the  joining  of  the  anthers;  separate  them  with  a  pin 
and  note  whether  each  part  is  of  the  same  size.  Do  all  the  flowers 
examined  have  the  same  peculiarity? 

6.  What  color  is  the  pollen  which  is  clinging  to  the  anthers?  Examine 
it  if  you  can  with  a  lens;  is  it  soft  and  light  or  moist  and  sticky?  Do  you 
think  any  wind  that  blows  would  be  able  to  lift  it  from  its  deep  cup 
and  carry  it  to  the  other  cup  which  holds  the  pistil  and  forms  the  fruit? 

7.  Tell  in  what  ways  the  pistillate  flower  differs  from  the  one  which 
bears  the  pollen.  Describe  the  stem.  Do  the  baby  fruits  which  are  back 
of  the  calyx-lobes  show  plainly  what  they  will  become  when  grown? 

8.  Describe  or,  if  you  can,  make  a  sketch,  of  the  pistil  which  sits 
in  the  center  of  the  vase  above  the  undeveloped  fruit.  Into  how  many 
lobes  does  it  divide?  Does  the  stigma  or  sticky  surface  of  the  lobe 
face  outward  or  inward?  What  color  is  the  stigma?  What  color  is 
the  style  or  standard  which  upholds  the  stigma? 

34 
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9.  Break  away  a  bit  of  the  little  yellow  saucer  which  surrounds  the 
base  of  the  style  and  taste  it.    Why,  do  you  think,  have  these  flowen 
need  of  such  a  large  and  well-filled  nectary?     Could  an  insect  get  af 
the  nectar  in  the  saucer  without  rubbing  pollen  all  over  the  stigmas? 

Can  you  find  a 
similar  nectary  in 
the  flower  which 
has  the  club  of 
stamens  ?  What 
insects  do  you  ob- 
serve doing  most  of 
the  pollen-carrying 
for  thfe  squashes 
and  pumpkins? 

10.  Carefully  iin- 
fold  a  bud  which  is 
nearly  ready  to 
open  and  note 
Mother  Nature's 
great  skill  in  fold- 
ing dainty  tex- 
tures. In  how 
many  folds  is  the 
wide-flaring  lip  of 
the  vase  turned  in- 
ward in  the  bud? 
Do  the  creases  of 
these  folds  show 
when  the  flower  is 
The  closing  of  a  pumpkin  fUnver.     i .  a  staminate  flower  begin^  f ull-blown  ? 

ning  to  close;  note  the  folded  edges  of  the  lobes;  2,  a  pistil-  n.  Cut  through 
kUe  flower  nearly  closed;  3.  a  staminate  flower  closed  and  ^j^^  center  ot  one 
in  Us  lost  stag,  of  the  young  fruits, 

which  is  the  ovary  or  seed-box.  Can  you  see  into  how  many  sections 
or  cells  it  is  divided?  Does  the  number  of  seed  clusters  correspond 
with  the  number  of  stigma  lobes  in  the  flower?  Where  are  the  seeds 
attached,  at  the  outer  or  the  central  part  of  the  cell- walls? 

12.  What  sort  of  stems  do  squash  or  ptmipkin  vines  ,have?  Are 
they  round  or  angled;  soUd  or  hollow;  stout  or  woody,  or  slender  and 
fibrous;  have  they  any  means  for  climbing  and  clinging? 

13.  Describe  the  leaf-stems.     Have  you  ever  tested  the  strength  oi 
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a  hollow  cylinder  against  the  same  amount  of  material  in  solid  form? 
If  not,  you  can  make  that  interesting  experiment  with  two  sheets  of 
paper,  roUing  one  into  a  hollow  cylinder  and  folding  the  other  tight 
and  flat;  then  note  which  one  will  bear  the  greater  weight  before  col- 
lapsing. What  service  does  the  hollow  stem  perform  for  the  vine  besides 
the  strong  upholding  of  the  large  leaves?  Have  you  ever  made  a  trom- 
bone or  horn  from  a  squash  or  pumpkin  leaf-stem? 

14.  Sketch  or  describe  the  shape  of  the  leaves.  How  many  lol^cs 
have  they?  Are  they  strongly  ribbed  or  veined?  Are  they  smooth, 
or  woolly  and  spiny?  Are  their  edges  scalloped  or  toothed  or  spiny? 
Are  there  spines  on  the  main  stalks  and  leaf  stems? 

LESSON  X 

THE  PUMPKIN   FRUIT 

Observations, — 

1.  Do  you  think  the  pumpkin  is  a  beautiful  fruit?  Why?  Describe 
it,  giving  the  shape  and  the  way  it  is  marked.  Describe  the  rind,  its 
color  and  its  texture,  and  tell  how  it*  protects  the  fruit.  Describe  the 
stem:  does  it  cling  to  the  pumpkin?  How  many  ridges  in  the  stem 
where  it  joins  the  vine?  How  many  where  it  joins  the  pumpkin?  Which 
part  of  the  stem  is  larger?    Does  this  give  it  a  firmer  hold? 

2.  Cut  in  halves  crosswise  a  small  green  pumpkin  and  a  ripe  one. 
Which  is  the  more  solid?  Can  you  see  how  the  seeds  are  borne  in  the 
green  pumpkin  ?  How  do  they  look  in  the  ripe 
pumpkin?  What  is  next  to  the  rind  in  the 
ripe  fruit?  What  part  of  the  pumpkin  do  we 
use  for  pies? 

3    Can  you  see  in  the  ripe  pumpkin  where 
the  seeds  are  borne?    How  are  they  suspended? 
How  many  rows  of  seeds  lengthwise  the  pump- 
kin?   Of  what  use  could  it  be  to  the  pumpkin 
to  have  the  seeds  thus  suspended  within  it  by 
these   threads   or   fibers?     What   is   left   of   b,  A  seoion  of  a  pumpkin  just 
pumpkin  after  the  cattle  have  eaten  it?    Might    ""J^^^""!^  ^J^^^^ 
the   seeds   thus   left   plant   themselves   if   the    ^^^^^^ 
climate  were  favorable? 

4.  Is  the  pumpkin  seed  attached  at  the  rotmd  or  the  pointed 
end?  Describe  its  shape  and  its  edges?  How  does  it  feel  when  first 
taken  from  the  pumpkin?     How  many  coats  has  the  seed? 

5.  Describe  the  meat  of  the  seed?     Does  it  divide  naturally  into 
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two  parts?  Can  you  see  the  little  germ?  Have  you  ever  tried  roast- 
ing and  salting  pumpkin  and  squash  seeds  to*  prepare  them  for  food 
as  almonds  and  peanuts  are  prepared? 

6.  Compare  a  pumpkin  with  a  squash  and  note  the  resemblances 
and  differences. 

7.  Plant  a  pumpkin  seed  in  damp  sand  and  give  it  warmth  and  light. 
From  which  end  does  it  sprout?  What  comes  iSrst,  the  root  or  the 
leaves?    What  part  of  the  seed  forms  the  seed-leaves? 

8.  Describe  how  the  pumpkin  sprout  pries  open  the  shell  to  its  seed 
in  order  to  get  its  seed-leaves  out.     What  happens  if  it  does  not  pull 


A  partially  closed  pistillate  blossom  at  the  rights  showing  the  stigmas  and  the  nectar 
cup  at  the  center.  Note  the  young  pumpkin  at  the  center  and  the  beautiful  leaf; 
note  also  the  angular  stems 

them  out?    Which  part  of  the  seedling  pumpkin  appears  above  ground 
first? 

9.  How  do  the  true  leaves  differ  in  shape  from  the  seed-leaves?  What 
is  the  use  of  the  seed-leaves  to  the  plant? 

Facts  for  Teachers. — ^The  Cucurbita  or  Gourd  Family,  to  which  the  pumpkin 
and  squash  belong,  is  a  most  interesting  family  of  plants  and  one  which  is  ven' 
useful  to  man.  The  muskmelon,  watermelon,  cucumber,  cymlin  and  crook-neci 
squashes  are  all  relatives  and  all  are  widely  cultivated.    It  is  a  sub-tropical  o: 
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"warmth-loving  family  and  requires  summer  heat  and  much  moisture  to  thrive 
"wrell.  No  other  plants  respond  more  enei^getically  to  the  stimulus  of  careful  cul- 
tivation and  irrigation.  All  are  absolutely  dependent  on  the  good  offices  of  insects, 
mostly  honey  bees  and  bumble  bees,  for  their  pollenation,  and  for  this  service 
they  offer  a  reward  of  abundant  nectar  and  a  great  supply  of  moist  and  sticky 
Xx>llen,  the  grains  of  which,  under  a  lens,  look  like  tiny  balls  of  translucent  amber. 

The  vines  trail  on  the  ground,  saving  strength  by  letting  the  earth  support 
the  heavy  fruit  and  so  being  able  to  devote  the  greater  energy  to  its  develop- 
ment. But  they  like  to  creep  over  a  brush-heap  and  will  twine  their  tendrils 
most  tenaciously  to  such  a  support.  The  largest  ptunpkin  the  writer  ever  saw 
"was  borne  by  a  plant  in  a  cornfield,  and  it  seemed  to  turn  away  of  its  own  choice 
from  the  sheltering  com  to  crawl  over  a  heap  of  brush  piled  in  a  fence  comer. 
But  the   vines  are  ^a^ 

strong  and  fibrous, 
five-angled,  ridged 
and  bristly,  and 
beset  with  short, 
"weak  spines,  as  are 
also  the  stems  and 
leaves. 

The  leaf-stems 
are  large,  roimd, 
hollow,  and  beauti- 
fully striped  in  two 
shades  of  green. 
Inside  the  base  of 
each  hollow  stem  is 
usually  a  drop  or 
two  of  water,  show- 
ing that  it  con- 
serves some  of  the 
moisture  taken  up 
by  the  plant.  Some 
farm  boys  know 
how    to     make     a 

deep-sounding  trombone  from  one  of  these  stout  hollow  stems  by  cutting  finger- 
holes  along  the  sides,  cutting  off  the  leaf  so  that  one  end  will  be  closed  and 
blowing  in  the  open  end.  The  leaves  are  palmate,  three  to  five-lobed,  large, 
deep  green  above  and  lighter  below,  and  covered  on  both  sides  with  minute, 
bristly  hairs;  the  prominent  ribs  and  veins  are  spined  as  are  also  the  irregularly 
toothed  edges. 

The  flowers  spring  from  the  axils  of  the  leaves.  The  first  staminate  flowers 
develop  several  days  before  the  first  pistillate  flowers  open.  The  former  are 
lifted  high  on  long,  slender  stems  which  bring  the  wide-flaring  golden  vases  into 
full  view  of  any  insect  winging  by.  In  the  bottom  of  these  vases  is  a  golden  club 
formed  of  the  cohering  anthers.  Professor  Asa  Gray  speaks  of  these  as  *'the 
two  and  one-half  stamens,"  for  the  reason  that  two  of  them  have  two-celled 
anthers,  while  the  odd  stamen  has  a  one-celled  anther.  This  may  readily  be  seen 
by  separating  the  stamens  with  a  pin  or  the  point  of  a  pen-knife.     The  pollen 


I,  the  base  of  a  pistiUate  blossom;  o,  ovary  which  develops  into 
the  pumpkin;  n,  the  nectar  cup;  st.,  the  stigmas.  2,  the  base 
of  a  staminate  blossom;  n,  opening  into  the  nectar  cup;  an.,  the 
anthers  joined,  forming  a  knob.    3,  a  pumpkin  tendril 
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projection,  while  it  pulls  out  its  seed-leaves  from  their  snug  quarters.  In  watch- 
ing one  of  these  seeds  sprout,  it  is  difficult  not  to  attribute  to  it  conscious  effort 
while  it  is  sturdily  pulling  hard  to  release  its  seed-leaves.  If  it  fails  to  do  this, 
the  seed  shell  clamps  the  seed-leaves  together  like  a  vise,  and  the  little  plant 
is  crippled. 

Both  squashes  and  pumpkins  figure  in  the  spicy  Thanksgiving  pies,  but  the 
chief  value  of  the  ptimpkin  crop  in  America  is  as  food  for  milch  cows:  it  causes  a 
yield  of  milk  so  rich  that  the  butter  made  from  it  is  as  golden  as  its  flesh.  But 
the  Hallow-e'en  jack  o'lantem  appeals  to  the  children.  In  this  connection,  a 
study  of  expression  might  be  made  interesting :  the  turning  of  the  comers  of  the 
mouth  up  or  down  and  the  angles  of  the  eye-brows  making  all  the  difference 
between  a  jolly  grin  and  an  ''awful  face." 


THE  RADISH 

Last  summer  I 
often  passed  a  garden 
where  radishes  had 
been  grown  for  mar- 
ket. By  midsummer 
those  which  had  been 
left  in  the  grotmd 
were  in  full  flower, 
and  although  the 
stems  had  a  tendency 
to  sprawl,  I  never 
passed  the  garden 
without  paying  trib- 
ute to  the  beauty  of 
the  radish  flowers.  I 
tried  to  find  some 
relation  between 
those  flowers  that 
were  red  and  the  red 
radishes;  likewise  be- 
tween the  flowers 
that   were   white   or 

A  hunch  oj  raatsHes  grown  by  a  child  in  a  window  box  V^f  lavender  and  the 
m  a  New  York  City  tenement  house  white  radishes.     But 

the  radish  plant  does 
not  need  to  be  con- 
sistent, and  it  grows  flowers  without  any  reference  to  the  color  of  its 
roots.     The  more  I  studied  the  plants  the  more  interested  I  became 
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in  them,  and  I  believe  that  there  is  no  more  interesting  garden  study 
that  that  afforded  by  the  flowering  and  seeding  radishes  in  September. 


LESSON  XI 

THE  RADISH 

Purpose. — To  teach  the  pupils  the  nature  of  a  radish  plant  and  why 
it  produces  the  radishes  which  we  enjoy  as  a  table  delicacy. 

Method. — The  radish  seeds  may  be  planted  in  the  schoolhouse  at 
any  time  during  the  winter  and  the  process  of  germination  watched, 
but  the  greater  part  of  the  work  should  be  done  in  the  spring  in  connec- 
tion with  the  gardens  at  home  or  at  school.  The  work  with  the  flowers 
and  pods  may  be  done  in  September,  as  by  that  time  the  radishes  in 
gardens  will  show  both  flowers  and  pods. 

Observations  on  germination. — 

I.  Place  some  radish  seeds  between  folds  of  damp  cloth  or  blotting 
paper  laid  on  a  plate  or  saucer,  or  place  the  seeds  on  a  cloth  loosely 
stretched  over  a 
tumbler  full  of  water. 
Put  in  a  warm  place 
and  watch  the  way 
in  which  the  seed- 
leaves  and  rootlets 
put  forth.  As  soon 
as  the  shell  bursts, 
note  how  the  seed- 
leaves  or  cotyledons 
are  folded.  Are  they 
doubled  upon  each 
other  and  about  the 
little  root,  or  is  each 
rolled  separately?  Are  the  stems  of  both  seed-leaves  of  the  same 
length?  On  what  part  of  the  little  root  do  the  fuzzy  feeding  rootlets 
show? 


/ 


The  germination  of  the  radish  {enlarged). 
2,  the  first  appearance  of  the  root;  3 
seed-leaves  at  the  base  of  the  root  stem; 
of  the  seed-leaves,   showing  how  they  are  folded  to- 
gether; 5  and  6,  the  separation  of  the  seed-leaves 


I,  the  seed; 
showing  the 
the  opening 


Observations  on  the  radish  root, — 

2.  How  many  varieties  of  radish  do  you  know?  How  long  does  it 
take  the  radish  to  grow  from  the  seed  until  large  enough  to  be  served 
on  the  table?    What  are  the  characters,  colors  and  names  of  the  more 
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common  round  and  long  varieties?    Does  the  color  of  the  outside  affect 
the  color  of  the  inner  portion  of  the  radish? 

3.  Of  what  use  to  the  radish  is  the  part  which  we  eat?  Why  does 
the  radish  store  this  food  ?  What  use  does  it  make  of  this  food  later 
if  the  plant  is  allowed  to  keep  on  growing?  Make  a  sketch  of  a  radish, 
showing  the  true  roots  of  the  plants  and  the  root  storehouse. 

Observations  on  the  radish  plants  in  blossom, — 

4.  Are  any  of  the  leaves  at  the  base  of  the  flower  stalk?  How  high 
is  the  flower  stalk?  Is  it  straight  or  crooked?  Is  it  hollow  or  solid? 
Is  it  smooth  and  shining? 

5.  What  is  the  shape  of  the  lowest  leaf  on  the  stalk?  What  is  the 
size  and  shape  of  the  uppermost  leaf?  Can  you  find  all  the  gradations 
between?  LrOok  at  the  stalk  and  find  two  leaves,  one  exactly  above 
the  other?  How  many  leaves  come  off  the  other  sides  of  the  stalk  be- 
tween these  two? 

6.  Take  the  main  blossom  stalk  and  look  at  the  buds  at  the  end. 
Where  are  the  largest  ones?  The  smallest?  Are  the  blossoms  as  close 
together  on  the  stem  as  the  buds?  If  not,  why  not?  Mark  a  bud  stem 
with  red  ink  and  note  how  close  it  is  to  other  bud  stems.  Watch  it  for 
a  few  days  and  see  what  happens. 

7.  Take  a  radish  flower  that  is  wide  open  and  look  directly  into  it. 
Can  you  see  how  the  petals  form  a  cross?  This  plant  belongs  to  the 
crucifers,  which  means  cross  bearers,  because  they  all  have  flowers 
shaped  like  those  of  the  radish.    How  are  the  petals  colored  and  marked? 

8.  How  many  sepals  are  there  and  what  do  they  enfold?  Take  a 
flower  apart  and  study  the  tubular  part  and  see  what  it  contains. 

9.  Look  into  the  flower  with  a  lens.  How  many  anthers  do  you  see? 
Does  the  stigma  of  the  pistil  project  farther  than  the  anthers  or  not 
so  far?  Can  you  find  any  more  anthers?  How  many?  Where  are 
they?  Look  at  a  flower  that  is  fading.  Can  you  see  these  anthers? 
If  so,  where?  Why  do  you  suppose  these  anthers  are  placed  in  this 
position? 

TO.  Take  a  fading  flower  and  pull  off  the  sepals,  petals  and  stamens. 
What  is  the  shape  of  the  little  pod?  Can  you  see  that  the  pod  is  a  part 
of  the  pistil  with  the  style  and  stigma  projecting  out  into  the  flower? 
Why  is  it  necessary  that  the  stigma  should  project  into  the  flower? 

II.  Look  at  the  pods  which  are  lowest  down  on  your  flower  stem. 
What  is  their  shape?  How  many  seeds  are  there  in  the  pod?  Are 
these  seeds  all  together  like  peas  in  a  pod?    How  does  the  seed  looir/ 
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12.  Are  there  other  flower  stems  besides  the  m3m  one  on  your  plant? 
Is  there  a  leaf  where  it  comes  off  the  stem? 

Facts  for  Teachers. — ^The  radish  starts  on  its  career  as  a  little  reddish  brown 
seed.  Soon  after  it  is  planted,  the  seed  becomes  swollen,  is  lighter  brown  in 
color,  and  has  at  one  end  a  little  dark  spot.  From  this  dark  spot  is  thrust  forth 
a  little  yellowish  white  tongue  which  soon  proves  itsejf  to  be  the  growing  root. 
It  makes  no  difference  which  side  up  the  seed  is  planted,  for  this  little  root  knows 
that  its  business  is  to  go  down  into  the  ground,  and,  therefore,  down  it  goes. 
As  it  goes  down,  it  raises  the  seed  up  in  the  air,  as  if  it  were  a  cap  on  a  stick,  but 
very  soon  the  seed-cap  is  shed  and  uncovers  a  little  green  globule  with  a  pink 
stem.  Soon  after  the  seed -cap  is  thrown  off,  the  globule  imfolds  like  a  tiny  book 
with  four  thick  leaves,  the  two  smaller  ones  being  folded  inside  the  other  like  a 
two-paged  book  in  its  cover;  and  holding  the  book  is  a  gracefully  curved  pink 
stem.  In  the  next  stage  the  book  opens  wide,  and  then  the  book  leaves  separate, 
the  cover  rising  above  the  two  central  leaves  as  if  the  cover  had  outgrown  the 
book.  Soon  these  folded  seed-leaves  spread  open  to  the  light,  like  little  umbrellas. 
They  are  very  green,  their  stems  are  greenish  yellow,  showing  pink  toward  the 
root.  In  a  short  time  the  true  leaves  of  the  radish  appear,  and  the  seed-leaves 
meanwhile  give  up  their  substance  to  the  growing  plant  and  wither  away. 

The  origin  of  the  radish  which  we  plant  in  our  gardens  is  not  known,  but  as 
radishes  were  early  used  in  China,  it  is  supposed  that  they  came  to  us  from  the 
Orient.  Moreover,  about  i860,  E.  A.  Carridre,  a  Frenchman,  developed  in  five 
years  perfectly  good  radishes  from  the  wild  charlock,  which  is  a  wild  member 
of  the  Crucifer  family.  Not  only  did  he  develop  edible  radishes,  but  he  developed 
eight  types,  which  seems  to  be  a  wonderful  record  in  plant-breeding. 

Our  minds  are  usually  so  focused  on  the  radish  as  a  vegetable  that  we  forget 
to  study  it  as  a  plant,  and  yet  how  interesting  it  is  when  we  look  at  it  as  we  would 
look  at  a  sweet  pea  or  pansy.  Right  from  the  center  of  the  radish  root,  in  early 
summer,  is  sent  up  a  stalk  often  two  feet  high  but  with  bent  and  crooked  top 
as  if  it  were  not  strong  enough  to  bear  the  burden  of  its  flowers.  The  hollow 
stalk  is  covered  with  a  pale  bloom  which  vanishes  at  the  touch.  The  radish 
leaves  are  arranged  on  the  stalk  so  that  every  fourth  one  is  exactly  above  the 
first.  The  lower  leaves  are  broad  and  have  two  irregular  basal  lobes,  but  toward 
the  top  the  leaves  are  without  lobes  and  are  often  almost  lanceolate  in  shape. 
In  the  axils  of  these  upper  leaves  the  side  or  secondary  flower  stems  arise  and  at 
first  are  merely  little  bunches  of  buds. 

The  tip  of  the  main  stem  bears]  the  first  flowers  and  continues  in  blossom  for 
weeks.  There  is  a  cluster  of  buds  at  the  end  of  the  stem  which,  when  looked  \ 
at  from  above,  shows  the  smallest  budlings  at  the  center,  then  the  outer  row  a 
little  larger,  and  the  outermost  still  larger,  standing  out  like  the  rays  of  a  star; 
and  below  these  buds  are  the  blossoms.  What  happens  is  this:  the  stem  elon- 
gates as  the  buds  get  ready  to  open,  so  that  by  the  time  they  are  actually  bloom- 
ing they  are  quite  far  apart  and  are  arranged  on  the  stem  just  as  are  the  leaves. 
This  blossoming  is  a  continued  story,  the  stem  growing  longer  and  the  buds  un- 
folding, while  below  on  the  stem  are  the  faded  blossoms  and  the  developing  pods 
with  their  precious  treasure  of  seed.  Meanwhile  the  flower  stems  which  start 
at  the  axils  of  the  leaves  are  telling  the  same  blossom  story  of  bud,  bloom  and  pod. 
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A,  radish  blossom,  showing  its  shape; 
b,  side  view  of  the  flower;  c,  ad- 
vanced stage  of  the  flower,  showing 
the  lower  pair  of  anthers  protrud- 
ing,' df  the  radish  seed-pod 


The  radish  blossom  is  characteristic  of  the  cruciferae,  which  includes  mustard, 
cabbage*  turnips  and  many  others.    Four  long,  narrow  sepals  encase  the  tube  of 

the  corolla ;  which  is  formed  of  the  narrow 
bases  of  the  four  petals;  the  x>etals  expand 
above  the  tube  in  the  form  of  a  Greek 
cxoss,  which  gives  the  family  its  name. 
Looking  into  the  floorer  we  can  see  the 
green  pistil  with  the  pale  green  stigma 
knob  at  its  tip  and  four  anthers  aioaod 
its  base  as  if  bowing  to  it.  But  if  we  look 
at  the  flower  with  a  lens  "we  see  two  more 
anthers  far  below  these  four,  and  we  can 
get  a  peep  at  them  through  the  crevice 
between  petals  and  sexials.  What  can 
these  anthers  be  doing  down  in  the  center 
of  the  tube  opening  toward  the  center? 
We  shall  read  this  riddle  if  we  note  the 
butterfly  thrusting  her  tongue  down  to 
the  bottom  of  the  flower  tube  for  the 
nectar  there;  there  is  scarcely  room  for 
the  tongue  to  pass,  and  going  or  coming 
it  will  surely  scrape  off  some  of  the  pollen  of  these  snug  anthers.  But  this  is  not 
all  the  story,  for  after  the  other  anthers  have  shed  their  pollen  and  the  flower 
is  old,  these  hidden  anthers  bend  backwards  and  push  out  into  the  world  while 
they  still  have  pollen  to  give  to  visiting  insects.  I  have  often  taken  masses  of 
pollen  from  them  after  the  anthers  above  were  shrivelled,  but  I  have  never  yet 
been  able  to  determine  the  full  meaning  of  this  device.  This  is  a  good  subject 
for  investigation.  The  petals  are  exquisite  in  texture;  in  some  varieties  they 
are  white,  others  pink  with  white  bases  and  with  dark  pink  veins.  The  stigxna 
does  not  project  beyond  the  anthers  in  some  of  the  white  varieties. 

The  pods  on  the  blossom  stem  may  be  seen  in  all  stages  fxom  the  merest  green 
needle  to  a  full,  bulging,  long,  pointed  pod.  When  developed,  the  pods  have  a 
long,  pointed,  re-curved  tip  and  are  double  lined  so  that  each  seed  is  imbedded 
in  a  supporting  cradle,  each  one  by  itself,  shut  in  by  a  partition  to  keep  it  from 
interfering  with  its  neighbor. 

The  radish  which  we  used  for  food  is  a  fleshy  root  which  is  simply  a  store- 
house for  food.  The  true  roots  may  be  seen  coming  off  this  fleshy  part  in  the 
form  of  threadlike  rootlets.  And  although  most  of  the  radishes  are  not  biennial, 
they  store  enough  food  in  their  root-stems  during  the  fresh,  moist  season  of  early 
spring  to  keep  them  ahve  and  permit  them  to  mature  their  seed  and  keep  on 
growing  tmtil  autumn.  As  soon  as  the  plant  begins  to  use  this  stored  'ood,  the 
radish  becomes  tough  and  woody  and  is  no  longer  a  table  delicacy. 
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LESSON  XII 

THE  CABBAGE 

Purpose, — To  help  the  pupils  to  a  better  understanding  of  this  con> 
mon  plant,  which  is  so  useful  as  food. 

Material  and  method, — A  whole  cabbage,  root,  outer  leaves  and  all, 
may  be  brought  to  the  schoolroom  for  observation  of  its  structure.  If 
the  school  has  a  garden  plot,  a  cabbage  may  be  heeled  into  a  box  of 
slightly  moist  earth  and  kept  in  a  cool  place  till  spring,  when  it  may 
be  set  out,  watered  and  cultivated  and  will  probably  bloom,  giving 
an  opportunity  to  study  the  flower  and  the  formation  of  seed-pods. 


Studies  of  germination  may  be  made  by  planting  seeds  of  cabbage, 
cauliflower,  radish,  turnip  and  mustard  in  boxes  of  damp  sod  or  soil, 
or  between  rolls  of  moist  blotting  paper  slipped  into  common  jelly 
glasses  or  tumblers.  This  gives  an  opportunity  to  study  the  difference 
or  likeness  among  different  members  of  the  family,  particularly  of 
the  young  **true  leaves." 

Candytuft,  sweet  alyssum,  and  the  common  garden  cress  all  belong 
to  the  same  big  family  of  cruciferae,  and  show  in  their  four-petaled 
flowers  the  typical  four-armed  cross  from  which  the  family  name  is 
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derived,  and  also  the  family  habit  of  having  two  of  the  six  ttamens 
shorter  than  the  other  four.  . 

Observations  by  pupils. — 

1.  What  part  of  the  cabbage  plant  is  tised  for  food?  About  what 
proportion  of  the  leaves  of  the  plant  are  tightly  folded  in  the  great 
leaf-bud  or  head,  and  what  part  is  spread  out  to  the  life-giving  light 
and  air?  What  effect  upon  their  color  has  the  infolding  of  the  leaves 
of  the  head?  Are  the  outstanding  leaves  thinner  or  thicker  in  texture 
than  those  of  the  head?  Do  the  loose  outer  leaves  taste  as  "well  as 
those  which  have  been  bleached  by  the  infolding  of  the  head? 

2.  Break  one  of  the  outspread  green  leaves  from  the  plant  and  de- 
scribe it  in  detail.  Did  it  grow  alternate  or  opposite  to  others  on  the 
stalk?  Is  it  Hght  or  dark  green?  Smooth  or  in  any  way  rough  or  hairy 
or  covered  with  a  bloom  that  may  be  rubbed  off  by  the  fingers?  Are 
the  edges  of  the  leaf  entire  or  toothed  or  ruffled?  Are  the  ribs  and 
veins  large  or  small,  Ughter  or  darker  than  the  other  parts  of  the  leaf? 
Are  the  leaves  curved  or  channeled  in  such  a  way  as  to  conduct  water 
to  the  roots  of  the  plant?  Does  a  cabbage  leaf  retain  water  on  its 
surface? 

3.  What  sort  of  stem  has  the  cabbage?  Stout  or  slender?  Solid  or 
hollow?  Dark  or  light  in  color?  What  sort  of  outer  coat  or  bark  has 
it?  Has  it  any  scars  or  markings  on  its  surface?  If  so,  describe  them 
and  tell  what  you  think  may  have  caused  them.  How  far  does  the 
stem  extend  upward  into  the  cabbage  head?  Is  the  inner  part  of  the 
stem  woody  and  fibrous  or  crisp  and  edible?  Is  the  stalk  largest  at 
the  base  near  the  roots  or  at  the  part  where  the  leaves  are  attached? 

4.  Describe  the  root  of  the  cabbage,-^that  is,  has  it  a  single  "tap- 
root," one  that  is  tasseled  or  fibrous,  or  a  spreading  branching  root? 
Does  the  root  strike  deeply  into  the  soil  or  spread  out  near  the  surface? 
Are  the  roots  tough  and  woody  or  crisp  and  easily  broken? 

5.  If  you  mixed  a  few  cabbage  seeds  with  an  equal  number  of  turnip 
seeds,  could  you  tell  them  from  each  other  and  separate  the  kinds 
again?  Do  radish  or  mustard  seeds  resemble  those  of  the  cabbage? 
Try  the  experiment  of  mixing  a  half-dozen  each  of  cabbage,  turnip, 
radish  and  black  mustard  seeds,  separate  them  again  and  then  test 
the  separation  by  germinating  the  seeds.  The  first  "true"  leaves  will 
tell  the  story,  for  those  of  the  cabbage  are  smooth  from  the  beginning, 
while  those  of  turnip  and  radish  are  more  or  less  hairy  and  differ 
slightly  in  shape.  It  is  a  good  thing  to  know  a  plant  when  it  is  a  seed- 
ling, as  well  as  when  grown  up. 
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Facts  for  teachers. — ^The  cabbage  and  the  ttimip  are  both  biennials  and  both 
xxiake  an  abundance  of  food  the  first  year  and  store  it  safely  so  that  it  may  be 
used  during  the  second  summer  in  sending  up  blossom  stalks  and  producing 
seed.  The  turnip  stores  its  food  in  the  crown  of  its  root,  but  the  cabbage  has  its 
storehouse  higher  up.  If  we  look  at  the  stem  of  the  cabbage  we  find  that  it  is 
small  where  it  enters  the  ground  and  fiares  upward  vaselike  to  a  point  where 
the  lower  leaves  are  attached.  If  we  follow  it  upward,  we  find  that  it  terminates 
in  an  enlaigement  shaped  like  an  Indian  club.  If  we  cut  a  cabbage  head  length- 
^wise  through  the  middle  of  the  stem  we  can  see  that  this  clublike  part  is  stored 
^th  food.  Moreover,  the  midribs  of  all  of  the  in-folded  leaves  aie  plump  with 
the  stored  food,  and  the  leaves, themselves  aie  white,  crumpled,  completely  folded 
and  are  also  full  of  food.  Thus  we  see  that  while  the  turnip  stores  its  food  in 
its*  feet,  the  cabbage  uses  its  head  for  this  purpose. 

It  is  interesting  to  notice  the  differences  between  the  green  leaves  and  those 
that  are  changed  into  storehouses.  The  great  outer  leaves  aie  the  food  makers 
for  the  plant.  Whenever  we  see  the  green  in  a  leaf  we  know  that  there  is  the 
chlorophyll  doing  its  work  of  food  manufacturing;  but  in  the  leaves  crowded  into 
the  head  there  is  no  chlorophyll,  for  they  are  shut  out  from  the  light  and  are 
white  and  crisp. 

Then  what  is  the  use  of  all  this  work  qf  storing  food?  These  plants,  both  cab- 
bage and  turnip,  are  biennials.  The  first  year  they  gain  enough  food  so  that 
during  the  second  summer  they  can  devote  their  energies  to  the  growing  of  the 
seed.  But  to  those  of  us  who  have  studied  the  cabbage  head  only  in  the  kitchen 
it  is  a  mystery  where  the  seeds  are  to  be  produced.  If  we  look  at  our  cabbage 
cut  in  half  we  will  find  at  the  base  of  every  large,  outer  leaf  just  above  where  it 
joins  the  stem  a  little  bud,  and  if  the  cabbage  is  protected  and  allowed  to  grow 
for  another  year,  several  of  these  buds  push  out  and  up,  forming  a  stem  a  foot  or 
more  high,  bearing  leaves  and  yellow  flowers.  To  the  uninitiated  a  field  of  cab- 
bage in  blossom  seems  to  be  a  field  of  mustard.  A  single  head  may  put  forth  a 
dozen  or  more  flower  stems,  and  these  in  turn  have  many  branches  all  bearing 
panicled  clusters  of  yellow  blossoms.  The  flowers  have  four  petals  arranged 
like  those  of  the  other  crucifers  in  the  form  of  a  four-armed  cross.  There  are 
four  sepals  which  fall  away  before  the  flowers  wither.  The  stamens  are  unequal, 
four  long  ones  standing  close  to  the  pistil  at  the  center  and  two  shorter  ones  below. 
The  flowers  are  short-lived  and  soon  show  the  beginning  of  the  slim,  beaked  pods» 
which  later  are  filled  with  small,  round  seeds  almost  black  in  color.  A  single 
plant  may  3rield  enough  seed  to  plant  several  acres.  All  the  stored  food  in  the 
cabbage  head  goes  into  the  growth  and  perfection  of  its  flowers  and  seeds. 

Kale,  cabbage,  collards,  Brussels  sprouts  and  broccoli  have  been  evolved  from 
the  same  progenitor,  the  sea  kale,  which  grows  wild  along  the  British  coast.  It 
is  a  smooth,  wavy,  rosette-like  plant,  bearing  yellow  flowers  and  without  a 
"head."  All  of  these  various  descendants  of  the  sea  kale  have  seeds  which  seem 
to  be  almost  identical.  As  a  child,  it  was  a  marvel  to  me  how  the  cabbage  seed 
knew  whether  it  would  produce  cabbage  or  turnip;  I  surely  could  not  tell,  and 
it  seemed  nothing  short  of  a  miracle  to  me  that  these  seeds  always  came  true; 
but  "the  silence  and  the  darkness  know,"  and  each  plant  cometh  from  its  own 
seed. 

The  leaves  of  the  cabbage  are  placed  alternately  about  the  stem  and  during 
the  early  stages  of  the  plant  they  have  long,  winged  petioles.    Their  edges  are 
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wavy,  their  texture  is  thick,  and  the  ribs  and  veins  are  lighter  in  oolor  and  an 
prominent.  The  leaves  are  evenly  covered  with  a  bloom,  -which  seems  ahnost 
like  oil  in  its  power  to  shed  water.  This  bloom  forms  only  on  the  green  leaves 
and  not  on  those  which  are  at  the  center  of  the  head;  it  may  be  rubbed  off  with 
the  fingers  and  then  the  water  will  stick  to  the  surface.  The  use  of  the  bloom 
may  be  observed  during  a  rain  when  the  broad,  smooth,  upcurving  leaves  act  liks 
an  inverted  umbrella  catching  the  water,  which  trickles  down  to  the  stem  and 
thence  to  the  short,  many-branched  and  nimierous  roots.  These  roots  do  not 
strike  very  deeply  in  the  soil,  and  as  the  cabbage  is  a  thirsty  plant  the  water  thus 
transferred  by  the  leaves  is  of  great  benefit. 

The  cabbage  is  a  vegetable  easily  cultivated.  It  does  not  like  hot  weather 
and  is,  therefore,  divided  into  two  classes,  the  early  and  the  late,  maturing  before 
or  after  the  heat  of  summer.     It  likes  a  rich,  neavy  soil. 

THE  HORSESHOE  GERANIUM 

The  geraniums  perhaps  do  more  to  brighten  the  world  than  almost 
any  other  cultivated  flowers.  They  will  grow  for  everyone,  whether 
for  the  gardener  in  the  conservatory  of  the  rich  or  in  a  tin  can  on  the 
window  sill  of  the  crowded  tenement  house  of  the  poor.  It  is  interest- 
ing to  know  that  the  geranium  has  a  cultivated  ancestry  of  two  hundred 
years*  standing.  Our  common  geraniums  are  not  really  geraniuins 
botanically  but  are  pelargoniums  and  they  originally  came  from  South- 
em  Africa.  The  two  ancestors  of  our  common  bedding  geraniums 
were  introduced  into  England  in  1 710  and  17 14. 

LESSON  XIII 

THE   HORSESHOE  GERANIUM  . 

Purpose. — ^To  lead  the  children  to  think  about  these  common  flowers 
and  why  they  are  used  for  ornamental  bedding.  Also  to  lead  them  to 
an  understanding  of  the  geranium  flower  and  its  devices  for  attracticg 
insects  to  its  nectar-well. 

Method, — A  variety  of  geranium  with  single  flowers  should  be  chosen 
for  this  purpose  and  it  may  be  studied  in  the  schoolhouse  window  or 
in  the  garden.  As  the  parts  of  this  flower  are  of  a  very  generali^ 
type,  it  is  an  excellent  one  with  which  to  teach  the  names  and  pur- 
poses of  the  flower  parts.  Each  child  can  make  a  little  drawing  of  the 
sepals,  petals,  stamens  and  pistil  and  label  them  with  the  proper  names. 

Observations. — 

T.  What  sort  of  stem  has  the  geranium?     Is  it  smooth  or  downy' 
What  makes  the  geranium  stem  look  so  rough? 
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2.  Study  the  leaf.  Show  by  description  or  drawing  its  shape,  its 
edges,  its  veins.  What  are  its  colors  and  texture  above?  Beneath? 
Is  the  petiole  long  or  short?    What  grows  at  the  base  of  the  petiole 


Horseshoe  geranium.  Note  the  positions  of  the  opened  flowers  and  the  buds.  Note 
the  shape  of  the  two  upper  petals  with  their  guide  lines,  showing  the  position  of  the 
nectar  gland.  The  flower  at  the  left  seen  in  profile  shows  that  these  upper  petals 
project  farther  forward  than  those  below.  Note  the  cluster  of  closed  buds  set  in  a 
circlet  of  bracts  just  below  this  flower 

where  it  joins  the  stem?  What  marking  is  there  on  the  leaf  which 
makes  us  call  this  a  horseshoe  geranium?  Are  there  other  geraniums 
with  leaves  of  similar  shape  that  have  no  horseshoe  mark? 
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3.  Study  the  flower.  Are  the  petals  all  the  same  size  and  shape' 
How  many  of  them  are  broad?  How  many  narrow?  Oo  the  nant)^ 
ones  project  in  front  of  the  others?  Do  these  have  guide  lines  upoz 
them  ?    Where  do  these  hnes  point  ?    Find  the  nectar-well  and  describe  :t  ? 

4.  How  many  sepals  are  there?  Are  they  all  the  same  size?  Where 
is  the  largest? 

5.  How  many  stamens  can  you  see?  What  is  the  color  of  the  fla- 
ments  and  of  the  anther?  How  are  the  stamens  joined  at  their  bases' 
Can  you  find  any  stamens  without  anthers? 

6.  Where  is  the  pistil  situated?  Can  you  see  the  ovary  or  the  seed 
box?    How  many  stigmas?    Describe  their  color  and  shape. 

7.  In  what  part  of  the  flower  will  the  seeds  be  developed?  Ho^w  does 
the  geranium  fruit  look?  Do  the  geraniums  develop  many  seeds?  Why 
not?  Do  you  Enow  the  seed-pod  of  the  wild  geranium?  If  so,  compare 
it  with  the  pod  of  this  plant. 

8.  Take  a  flower  cluster  when  the  flowers  are  all  in  the  bud  and  note 
the  following:  "When  the  buds  first  appear,  what  protects  them?  What 
becomes  of  these  bracts  later?  How  do  the  sepals  protect  the  bud? 
Are  the  bud  stems  upright  and  stiff  or  drooping?  How  many  buds  are 
there  in  a  cluster?  Take  notes  each  day  as  follows:  What  happens 
to  the  stem  as  the  bud  gets  ready  to  bloom?  Is  it  a  central  or  outside 
blossom  that  opens  first?  Take  notes  day  after  day  on  ho^w  many 
new  blossoms  there  are.  \^  iHow  long  from  the  time  that  the  first  bud 
opens  tmtil  the  last  bud  of  the  cluster  blossoms?  What  has  this  to 
do  with  making  the  geranium  a  valuable  ornamental  plant? 

9.  Make  some  geranium,  cuttings  and  note  how  they  develop  into 
new  plants.  Place  one  of  the  cuttings  in  a  bottle  of  water  and  describe 
how  its  roots  appear  and  grow. 

Facts  for  Teachers. — ^The  geranium  is  of  special  value  to  the  teacher  since  at 
any  season  of  the  year  it  is  available  for  study;  and  this  blossom,  which  is  so 
common  everjrwhere,  is  one  of  the  most  interesting.  The  single  flowers  should  be 
used  for  this  lesson,  since  the  blossoms  that  are  double  have  lost  their  oTiginal 
fonn.  Moreover,  the  geranium  blossom  is  so  simple  that  it  is  of  special  value  as 
a  subject  for  a  beginning  lesson  in  teaching  the  parts  of  a  flower;  and  its  leaves 
and  stems  may  likewise  be  used  for  the  first  lessons  in  plant  structure. 

The  stem  is  thick  and  fleshy  and  is  downy  on  the  new  growth;  there  is  much 
food  stored  in  the  stem,  which  accounts  for  the  readiness  with  which  cuttings 
will  grow.  Wherever  a  leaf  comes  ofi^  the  stem  it  is  guarded  by  two  stipules  at  the 
base;  these  stiptiles  often  remain  after  the  leaves  have  fallen,  thus  giving  the 
stem  an  uxvkept  look.  The  leaves  are  of  various  shapes,  although  of  one  general 
pattern.  They  are  circular  and  beautifully  scalloped  and  lobed,  with  a  vein  for 
every  lobe  starting  from  the  petiole.    They  are  velvety  above  and  of  quite  diffei- 
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ent  texture  beneath,  and  many  show  the  dark  horseshoe  which  gives  the  name 
to  the  variety.  The  petiole  is  ustially  long  and  stiff  and  the  leaves  are  set  alter- 
nately upon  the  stem. 


Diagram  of  tlie  flower  of  the  horseshoe  gera- 
nium. S,  sepals;  P,  petals;  A,  anther;  F, 
filament;  m,  pistil;  St.,  stigma;  N,  nectar 
gland 


The  flower  has  five  petals  and  at  first  glance  they  seem  of  much  the  same  shape 
and  position.  If  we  look  at  them  carefully,  we  see  that  the  upper  two  are  much 
narrower  at  the  base  and  project 
farther  forward  than  do  the  lower 
three.  Moreover,  there  are  cer- 
tain lines  on  these  upper  petals 
all  pointing  toward  the  base. 
These  are  the  nectar  guide-lines, 
and  if  we  follow  them  we  find  a 
deep  nectar  well  just  at  the  base 
of  these  upper  petals  and  situated, 
above  the  ovary  of  the  flower. 
None  of  the  flowers  show  a  pret- 
tier plan  for  guiding  the  bees  to 
the  hidden  sweets,  and  in  no  other 
flower  is  there  a  more  obvious 
and  easily-studied  well  of  nectar. 
There  are  five  sepals,  the  lower 
one  being  the  laigest.  But  the 
geranium  is  careless  about  the 
number    of    its    stamens;    most 

flowers  are  very  good  mathematicians,  and  if  they  have  five  sepals  and  five  petals 
they  are  likely  to  have  five  or  ten  stamens.  The  geranium  often  shows  seven 
anthers,  but  if  we  look  carefully  we  may  find  ten  stamens,  three  of  them  without 
anthers.  This  is  not  always  true;  there  are  sometimes  five  anthers  and  two  or 
three  filaments  without  anthers.  The  color  of  the  anthers  differs  in  the  variety 
of  the  flower.  The  stamens  broaden  below  and  their  bases  are  joined,  making  a 
cup  aroimd  the  lower  part  of  the  ovary.  The  pistil  is  at  the  center  of  the  flower 
and  has  no  style,  but  at  the  top  divides  into  five  long,  curving  stigmas;  again 
the  geranium  cannot  be  trusted  to  ** count  correctly,"  for  sometimes  there  are 
seven  or  eight  stigmas.  Although  many  of  our  common  varieties  have  been 
bred  so  long  that  they  have  almost  lost  the  habit  of  producing  seed,  we  m^y  often 
find  in  these  single  blossoms  the  ovary  changed  into  the  peculiar,  long,  beak- 
like pod  which  shows  the  relationship  of  this  plant  to  the  cranesbill  or  wild  gera- 
nium. When  the  buds  of  the  geranium  first  appear,  all  of  them  are  nestled  in  a 
nest  of  protecting  bracts,  each  bud  being,  enclosed  in  its  protecting  sepals.  Soon 
each  flower  stem  grows  longer  and  hangs  down,  and  often  the  bracts  at  the  bases 
of  the  flower  stems  fall  off.  From  the  mass  of  drooping  buds,  the  one  .at  the  cen- 
ter of  the  cluster  lifts  up  and  opens  its  blossoms;  then  those  near  it  arise  and  do 
likewise;  and  finally,  when  the  outside  flowers  are  in  bloom,  those  at  the  center 
have  withered  petals  and  are  hidden  by  their  fresher  sisters. 

It  wotdd  be  well  to  say  something  to  the  pupils  about  those  plants  whiclf  have 
depended  upon  man  so  long  for  their  planting  that  they  do  not  develop  any  more 
seed  for  themselves.  In  connection  with  this  plant  there  should  be  a  lesson^on 
how  to  make  cuttings  and  start  their  growth.    The  small  side  branches  or  the 
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tip  of  the  mam  stem  may  be  used  as  cattoigs.  With  a  siiafp  knife  na 
stfaight  across.  Pill  shaHow  boxes  with  sod  and  i^oe  them  in  a  cool 
keep  them  constantly  moist.  Plant  the  cuttings  in  these  boxes,  pattio^  tie 
stems  for  one-third  of  their  length  in  the  sand.  After  about  a  montii  tbe  plarts 
may  be  repotted  in  fertile  soil.    Tbe  £all  is  the  best  time  to  make  iaiitings, 

LESSON  XIV 

THB  SONG  SPARROW 

Purpose. — ^To  make  the  children  familiar  with  the  appearance  ani 
song  of  this  beloved  member  of  the  sparrow  family;  to  impress  on 
their  ifiinds  the  inunense  amount  of  good  wrought  by  this  bird  asd 
its  Idn  who  Uve  chiefly  upon  pestiferous  insects  of  the  gardens  and 
fields  and  the  seeds  of  troublesome  weeds. 

Methods. — ^All  the  observations  of  the  song  sparrow  must  be  made  iil 
the  field,  and  they  are  easily  made  because  the  bird  builds  near  houses, 
in  gardens,  and  in  the  shrubbery.  Poetry  and  other  literature  abo-^t 
the  song  sparrow  should  be  given  to  the  pupils  to  read  or  to  memorize 

Observatums  by  Pupils. — 

(i).  Have  you  noticed  a  little  brown  bird  singing  a  very  sweet  song 
in  the  early  spring?  Did  the  song  sound  as  if  set  to  the  words  '*  Little 
Maid!  LiUleMaid!  Little  Maid!  Put  on  the  teakettle,  teakettle-eUle^ttk?' 

{2).  Where  was  this  bird  when  you  heard  it  singing?  How  high 
was  it  perched  above  the  ground?  What  other  notes  did  3rou  hear  it 
utter? 

(3).  Describe  the  colors  and  markings  of  the  song  sparrow  on  head, 
back,  throat,  breast,  wings  and  tail.  Is  this  bird  as  large  as  tbe  English 
sparrow?    What  makes  it  look  more  slim? 

(4).  How  can  you  distinguish  the  song  sparrow  from  all  the  other 
sparrows?  When  disturbed,  does  it  fly  up  or  down?  How  does  it  gesture 
with  its  tail  as  it  disappears  in  the  bushes? 

(5).  Where  and  of  what  material  does  the  song  sparrow  btdld  its 
nest? 

(6).  What  colors  and  markings  are  on  the  eggs?  Do  you  think  these 
colors  and  markings  are  useful  in  concealing  the  eggs  when  the  mother 
bird  leaves  the  nest? 

(7).  How  late  in  the  season  do  you  see  the  song  sparrows  and  hear 
their  songs? 

(8).  How  can  we  protect  these  charming  little  birds  and  induce 
them  to  build  near  our  houses? 
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(g).  What  IS  the  food  of  the  song  sparrows  and  how  do  they  benefit 
our  gardens  and  crops? 

(10).  A  mother  bird  is  said  to  feed  each  one  of  her  nestlings  at  least 
once  every  half  hour  from  dawn  till  dusk.  The  usual  brood  is  four  or 
five.  Can  you  make  this  an  arithmetic  lesson  and  find  how  many  insects 
tlie  nestlings  of  one  family  would  eat  in  the  fourteen  hours  between 
five  in  the  morning  and  seven  at  evening? 

(11).  Can  you  carry  the  problem  further  and  find  what  number 
of  insect  pests  would  be  destroyed  by  the  time  the  fledglings  were  grown- 
up a  month  later. 

(12).  Song  sparrows  have  many  enemies,  cats,  weasels,  squirrels, 
hawks,  crows,  and  even  boys;  but  can  you  compute  the  amoimt  of 
insect  destruction  done  in  New  York  State  by  even  a  dozen  broods  in 
each  of  the  47,620  square  miles  of  this  commonwealth. 

(13).  If  the  parent  birds  eat  but  one  ounce  per  day  of  noxious  weed 
seeds,  can  you  compute  the  amount  destroyed  throughout  the  State 
from  the  time  they  arrive  in  March  till  they  leave  in  November? 

(14).  If  you  have  been  able  to  make  these  computations  do  they 
convince  you  that  it  pays  to  protect  the  song  sparrow  from  all  its  enemies 
at  all  times  and  everywhere? 

Facts  for  Teachers. — The  lesson  might  begin  in  March  when  we  are  all  listening 
eagerly  for  bird  voices,  and  the  children  should  be  asked  to  look  for  a  little  brown 
bird  which  sings,  "Sweet,  sweet,  sweet,  very  merry  cheer,"  or,  as  Thoreau  inter- 
prets it,  "Maids!  Maids!  Maids!  Hang  on  the  teakettle,  teakettle-ettle-ettle." 
In  early  childhood  I  learned  to  distinguish  this  sparrow  by  its  "Teakettle"  song. 
Besides  this  song,  it  has  others  quite  as  sweet;  and  when  alarmed  it  utters  a 
sliarp  "T'chink,  t'chink." 

The  song  sparrow  prefers  the  neighborhood  of  brooks  and  ponds  which  are 
bordered  with  bushes,  and  also  the  hedges  planted  by  nature  along  rail  or  other 
field  fences,  and  it  has  a  special  liking  for  the  shrubbery  about  gardens.  Its 
movements  and  flight  are  very  characteristic ;  it  usually  sits  on  the  tip  top  of  a 
shrub  or  low  tree  when  it  sings,  but  when  disturbed  never  rises  in  the  air  but 
drops  into  a  low  flight  and  plunges  into  a  thicket  with  a  defiant  twitch  of  the 
tail  which  says  plainly,  "Find  me  if  you  can." 

The  color  and  markings  of  this  bird  are  typical  of  the  sparrows.  The  head 
is  a  warm  brown  with  a  gray  streak  along  the  center  of  the  brown  and  one  above 
each  eye,  with  a  dark  line  through  the  eye.  The  back  is  brown  with  darker  streaks. 
The  throat  is  white  with  a  dark  spot  on  either  side;  the  breast  is  white,  spotted 
with  brown  and  with  a  large,  dark  blotch  at  its  very  center.  This  breast  blotch 
distinguishes  this  bird  from  all  other  sparrows.  The  tail  and  wings  are  brown 
and  without  bu£^  or  white  bars  or  other  markings.  The  tail  is  long,  rounded  and 
very  expressive  of  emotions,  and  makes  the  bird  look  more  slender  than  the 
English  sparrow. 

The  nest  is  usually  placed  on  the  ground  or  in  low  bushes  not  more  than  five 
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feet  from  the  ground.  It  varies  much  in  both  size  and  material ;  it  is  someti:^ 
constructed  of  coarse  weeds  and  grasses,  and  sometimes  only  fine  grass  is  :ise: 
Sometimes  it  is  lined  with  hair,  and  again  with  fine  grass;  sometimes  it  is  def:, 
but  occasionally  is  shallow.  The  eggs  have  a  whitish  color  tinged  with  blue. :: 
green,  but  are  so  blotched  and  marked  with  brown  that  they  are  safe  from  obsr 
vation  of  enemies.  The  nesting  season  begins  in  May,  and  there  are  usually  thn- 
and  sometimes  four  broods.  So  far  as  I  have  observed,  a  nest  is  never  used  : : 
two  consecutive  broods.  The  song  sparrow  stays  with  us  in  New  York  State  vr- 
late  in  the  fall,  and  a  few  stay  in  sheltered  places  all  winter.  The  quality  in  :L 
bird,  which  endears  him  to  us  all,  is  the  spirit  of  song  which  stays  with  him.  K. 
sweet  trill  may  be  heard  almost  any  month  of  the  year,  and  he  has  a  chamii: 
habit  of  singing  in  his  dreams,  if  sudden  noise  disturbs  his  slumber. 

The  song  sparrow  likes  to  build  in  the  shrubbery  about  gazxlens,  and  is,  ne^ 
to  the  robin,  our  most  common  garden  bird.  It  is  not  only  the  dearest  of  li:::. 
neighbors,  but  it  works  lustily  for  our  good  and  for  its  own  food  at  the  same  tir. 
It  destroys  cutwonns,  plant-lice,  caterpillars,  canker  worms,  ground  beet.'e 
grasshoppers  and  flies;  in  winter  it  destroys  thousands  of  weed  seeds,  which  othe: 
wise  would  surely  plant  themselves  to  our  undoing.  Every  boy  and  giri  shoj: 
take  great  pains  to  drive  away  stray  cats  and  to  teach  the  family  puss  not  t 
meddle  with  birds,  for  cats  are  the  worst  of  all  the  song  sparrow's  enemies,  de  • 
troying  thousands  of  its  nestlings  every  year. 


Ths  Song  Sparrow 
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APHIDS  OR  PLANT-LICE 
LESSON  XV 

Purpose. — ^To  teach  the  pupils  that  the  aphids  have  mouth-parts 
formed  for  sucking  the  juices  of  plants. 

Method, — The  plant-lice  may  be  found  on  most  plants  in  conserva- 
tories and  window  gardens  and  on  house  plants  in  general  unless  the 
owners  are  very  careful  to  destroy  them.  Therefore,  plant-lice  may 
be  studied  during  the  winter.  A  plant  infested  with  the  aphids  should 
"be  placed  where  the  children  may  observe  it  with  the  aid  of  a  lens. 
It  would  be  well  to  attach  the  lens  by  a  string  to  the  desk  or  table  on 
which  the  plant  is  placed. 


Observations .  — 

1.  How  are  the  aphids  settled  on  the  leaf?  Are  their  heads  in  the 
same  direction?    What  are  they  doing? 

2.  Touch  one  and  make  it  move  along.  What  does  it  do  in  order 
to  leave  its  place?  What  does  it  do  with  its  sucking  tube  as  it  walks 
off?  On  what  part  of  the  plant  was  it  feeding?  Why  does  not  Paris 
green  when  applied  to  the  leaves  of  plants- kill  aphids? 

3.  Describe  an  aphid,  including  its  eyes,  antennae,  legs  and  tubes 
on  the  back.     Does  its  color  protect  it  from  observation? 

4.  Can  you  see  cast  skins  of  aphids  on  the  plant?  Why  does  an 
aphid  have  to  shed  its  skin? 

5.  Are  all  the  aphids  on  a  plant  wingless?  After  several  days,  when 
the  plant  becomes  dry,  are  there  more  winged  aphids?  Why  do  the 
aphids  need  wings? 

6.  Do  you  know  what  honey-dew  is?  Have  you  ever  seen  it  on  the 
leaf?  How  is  honeydew  made  by  the  aphids?  Does  it  come  from  the 
tubes  on  their  back?    What  insects  feed  on  this  honey-dew? 

7.  Describe  how  an  ant  gets  honey -dew  from  an  aphid.  What  ene- 
mies have  the  aphids?  Do  the  ants  protect  the  aphids  from  their 
enemies? 

8.  What  damage  do  aphids  do  to  plants?  How  can  you  clean  plants 
of  plant-lice? 
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Facts  for  Tgachtrs. 

KNOW  of  no  more  diverting  occupation  than  "water- 
ing a  colony  of  aphids  through  a  lens.  The^^? 
insects  are  the  most  helpless  and  amiable  tittle 
ninnies  in  the  whole  insect  world  and  they  k-k 
the  part,  probably  because  their  eyes,  so  laige  ani 
wide  apart,  look  so  innocent  and  "wondering.  Tlf 
usual  color  of  aphids  is  green,  and  as  they  feed  cc 
leaves,  this  color  protects  them  from  sight.  Bni 
there  are  many  species  which  are  otherwise  coloitl 
and  some  have  most  bizarre  and  striking  oim- 
mentations. 

In  looking  along  a  leaf  stalk  one  sees  them  n 
all  stages  and  positions.  One  may  have  thrust  hs 
beak  to  the  hilt  in  a  plant  stem  and  is  so  satisfie^l 
and  absorbed  in  sucking  the  juice  that  its  hind  feet  are  lifted  high  in  the  air  asi 
its  antennae  curved  backward,  making  altogether  a  gesture  Mrhich  seems  an 
adequate  expression  of  bliss.  Another  may  conclude  to  seek  a  ne-w  well  and 
pulls  up  its  sucking  tube,  folding  it  back  underneath  the  body  so  that  it  wiH  t>e 
out  of  the  way,  and  walks  off  slowly  on  its  six  rather  stiff  legs.  When  thus  mov- 
ing it  thrusts  the  antennae  forwaixl,  patting  its  pathway  to  insure  safety.  Per- 
haps this  pathway  may  lead  over  the  back  of  some  other  aphids  which  are  feeding 
but  this  does  not  deter  the  traveler  nor  turn  it  aside;  over  the  backs  of  the  obstruc- 
tionists it  erawls,  at  which  the  disturbed  ones  kick  the  intruder  with  both  hin  1 
legs,  not  a  vicious  kick,  but  rather  a  push  which  says,  "This  seat  reserved,  please !  *' 
It  is  a  comical  sight  to  look  upon  a  row  of  them  sucking  a  plant  stem  for  deer 
life,  the  heads  all  in  the  same  direction,  and  they  packed  in  and  arotmd  e£ic'i 
other  as  if  there  were  no  other  plants  in  the  world  to  give  them  room,  the  little 
ones  wedged  in  between  the  big  ones;  and  sometimes  some  of  them  will  not  move 
although  they  are  obliged  to  rest  their  hind  legs  on  the  antennae  of  the  neigh- 
bor next  behind. 

Aphids  are  the  bom  food  for  other  creatures — they  are  simply  little  machines 
for  making  sap  into  honey-dew  for  their  friends,  the  ants;  and  they  do  not  seem 
like  other  insects  but  like  little  animated  drops  of  sap  on  legs.  How  helpless 
they  are  when  attacked  by  any  one  of  their  many  enemies!  AH  they  do  when 
they  are  seized  is  to  claw  the  air  with  their  six  impotent  legs  and  two  antennae, 
keeping  up  this  performance  as  long  as  there  is  a  leg  left,  and  apparently  to  the 
very  last  never  realizing  "what  is  doing."  But  they  are  not  without  means  cf 
defense;  those  two  little  tubes  at  the  end  of  the  body  are  not  for  ornament  nor 
for  producing  honey-dew  for  the  ants  but  for  secreting  at  their  tips  a  globule  of 
waxy  substance  meant  to  smear  the  eyes  of  the  attacking  insect.  I  once  saw  an 
aphid  perform  this  act  when  confronted  by  a  baby  spider;  a  drop  of  yellow  liquid 
oozed  out  of  one  tube  and  the  aphid  almost  stood  on  its  head  in  order  to  thrust 
this  offensive  globule  directly  into  the  face  of  the  spider.  The  whole  performance 
reminded  me  of  a  boy  who  shakes  his  clenched  fist  in  his  opponent's  face  and 
sa5rs,  "Smell  of  that!  "     The  spider  beat  a  hasty  retreat. 

The  aphids  are  not  without  their  resources  to  meet  the  exigencies  of  their  Hfif 
in  colonies.  There  are  several  distinct  forms  in  each  species  and  they  seem  to  l« 
needed  for  the  general  good. 
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During  the  summer  we  find  most  of  the  aphids  on  plants  are  without  wings; 

these  are  females  which  give  birth  to  living  yoimg  and  do  not  lay  eggs.     They 

do  this  until  the  plant  is  overstocked  and  the  food  supply 

seems  to  be  giving  out,  then  another  form  is  produced 

-which  has  four  wings.     These   fly  away  to   some  other 

plant  and  start  a  colony  there.     At  the  approach  of  cold 

-weather  or  if  the  food  plants  give  out  there  are  male  and 

female   individuals  developed,   the  females  being  always 

wingless.     It  is  their  office  to  lay  the  eggs  which  shall     Aphids         enlarged, 

last  during  the  long  winter  months  when  the  living  aphids         showing       winged 

die  for  lack  of  food  plants.     The  next  spring  this  winter         and  wingless  forms 

egg  hatches  into  a  female  which  we  call  the  stem  mother, 

since  she,  with  her  descendants,  will  populate  the  entire  plant. 

Plant  lice  vary  in  their  habits.  Some  live  in  the  ground  on  the  roots  of  plants 
and  are  very  destructive,  but  the  greater  number  of  species  live  on  the  foliage 
of  plants  and  are  very  fond  of  the  young,  tender  leaves  and  thus  do  great  dam- 
age. Some  aphids  have  their  bodies  covered  with  white  powder  or  with  tiny 
fringes  which  give  them  the  appearance  of  being  covered  with  cotton. 

The  honeydew  is  secreted  by  the  aphids  in  such  quantities  that  often  the  pave- 
ment beneath  trees  may  be  seen  to  be  spattered  by  the  drops  of  this  sweet  rain. 
It  seems  to  be  excreted  solely  for  attracting  the  ants.  In  return  for  this,  the 
ants  give  care  and  protection  to  their  herds.  They  sometimes  take  them  into 
their  nests  and  care  for  them.  In  one  case,  at  least,  one  species  of  ant  builds 
for  one  si)ecies  of  aphid  (which  lives  upon  dogwood)  a  little  mud  stable  which 
protects  the  aphids  from  all  enemies.  This  stable  is  neatly  placed  at  the  fork 
of  the  twigs  and  has  a  little  circular  door  by  which  the  ants  may  enter. 

The  lady-bug  larvae  and  the  ant-lions  both  feed  voraciously  on  the  aphids. 
An  ant  will  attack  single-handed  one  of  these  depredators,  although  it  be  much 
larger  than  herself,  and  will  drive  it  away  or  perish  in  the  attempt. 

Some  so-called  practical  j)ersons  say,  "Let  us  study  only  those  things  in  Nature 
that  affect  our  pocketbook,  and  not  waste  our  time  stud3riQg  irrelevant  things." 
If  this  spirit  had  animated  scientists  from  the  first,  many  of  the  most  important 
economic  discoveries  would  never  have  been  made.  This  relation  of  ants  to 
aphids  is  an  example  to  the  point.  For  a  hundred  years  had  this  fact  been  known, 
that  ants  use  the  aphids  for  their  cows,  and  the  practical  men  said,  "This  is  a 
very  pretty  story,  but  what  we  want  is  some  method  of  killing  the  aphids."  It 
remained  for  Professor  Forbes,  of  Illinois,  to  show  the  practical  application  of 
this  "pretty  story"  in  the  life  history  of  the  corn-root  plant-louse,  which  did 
great  damage  to  the  com  crop  of  the  West.  These  plant-lice  winter  in  the  ground 
wherever  they  chance  to  be  left  by  the  d3ring  roots  of  the  last  year's  crop,  and 
with  their  soft  bodies  could  never  work  their  way  in  the  hard  earth  and  to  the 
roots  of  the  newly  planted  com  in  the  spring.  Professor  Forbes  discovered  that 
the  ants  in  these  infested  fields  make  mines  along  the  principal  roots  of  the  new 
com ;  and  that  they  then  go  out  and  collect  the  plant-lice,  and  place  them  in  these 
burrows,  and  there  watch  over  them  and  protect  them. 
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Nature-Study  teaching  may  seem  to  be  an  indirect  way  of  reaching  the 
farmer;  but  it  is  not.  It  is  direct  because  it  strikes  at  the  z'ery  root  j 
the  difficulty.  Nature-study  teaches  the  importance  of  actually  sceiun  ui: 
thing  and  then  of  trying  to  understand  it.  The  person  tvho  really  kn.:.! 
a  pussy-willow  will  know  how  to  become  acquainted  Tvith  a  potato-bw 
He  will  introduce  himself.  One  of  the  most  significant  comtnents  I  her.  - 
heard  on  nature-study  work  came  from  a  country  teacher,  ^vho  jj:i 
that  because  she  had  taught  it,  her  pupils  were  no  longer  ashamed  *  r 
being  farmers'  children.  If  only  that  much  can  be  accomplished  j.' 
each  country  child,  the  result  will  be  enough  for  one  generation.  U'Lit 
can  be  done  for  the  country  child  can  be  done,  in  a  different  sphere,  fcr 
the  city  child.    Fifty  years  hence  the  result  will  be  seen. 

L.  H.  Bailey  in  "  The  Nature-Study  Idea.' 

Many  persons  expect  to  find  in  the  United  States  a  great  number  ci 
schools  in  which  nature-study  is  taught,  meaning  by  that  to  find  separate 
classes  set  aside  for  this  particular  kind  of  work.  In  very  many  schocls 
this  will  be  found;  but  I  suspect  the  greatest  results  in  the  end  are  /• 
come  when  the  nature-study  mode  or  method  runs  through  the  teachhij 
of  cUl  the  accustomed  subjects  in  the  school,  gradually  reorganising  anJ 
revitalising  them. 

A  school  zvith  one  teacher  can  handle  nature-study  work  as  uuil  as 
the  school  with  twenty  teachers  if  the  teacher  arrives  at  the  nature-stud : 
way  of  teaching,  I  mean  by  this  that  the  quality  of  the  teaching  tna\  bt 
good,  quite  independent  of  its  quantity.  Of  course,  we  do  not  find  a 
subject  or  a  class  under  the  name  of  nature-study  in  the  one-tcachir 
schools  to  any  extent.  What  I  mean  by  the  nature-study  spirit  is  to  teach 
the  things  nearest  at  hand  in  a  natural  way  and  with  the  ivelfare  of  the 
child  always  in  mind, 

L,  H.  BaUey  in  "  The  NatureStudy  Idea." 

The  editor  wishes  to  acknowledge  the  efficient  help  of  Miss  Ada 
Georgia  in  preparing  the  lesson  on  the  onion  for  this  leaflet. 

For  the  photographs  illustrating  the  flowers  in  this  leaflet  we  are  in- 
debted to  the  Doubleday,  Page  Company. 
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BIASED  ON  THE  WORK  FOR  FOURTH  AND  FIFTH  YEAR  PUPILS  AS  OUTLINED 

IN  THE  SYLLABUS  OF  NATURE-STUDY  AND  AGRICULTURE  ISSUED 

BY  THE  NEW  YORK  STATE  EDUCATION  DEPARTMENT 

A  STUDY  OF  BULBS. 

HOSE  plants  which  store  up  food  and  energy 
one  year  to  enable  them  to  send  up  their  blos- 
some  as  early  the  next  season  as  our  wintry 
northern  springs  will  permit,  have  earned  the 
appreciation  and  gratitude  of  mankind.  We 
joyfully  fall  on  our  knees  to  observe  more 
closely  the  snowdrop  and  crocus,  and  give  to 
them  a  tribute  of  admiration  which  the  most 
beautiful  flowers  of  summer  scarcely  elicit. 
Thus  ever  is  the  promise  more  soul-stirring 
than  the  fulfillment! 

Each  and  every  one  of  these  early  spring 
posies  has  its  own  way  of  living,  and  in  this 
leaflet  an  effort  is  made  to  help  the  children  to  read  the  life  stories 
of  a  few  which  are  most  common  and,  therefore,  most  loved. 

In  all  these  flowers  the  sepals  are  petal-like  and  attractive  in  color. 
In  most  of  them  the  petals  and  sepals  join  to  make  a  tubular  flower.  The 
form  of  such  a  flower  is  called  by  the  botanists  a  perianth,  and  the  petals 
and  sepals  are  called  segments  of  the  perianth.  It  is  not  wise  to  confuse 
children  with  this  name ;  they  should  learn  that  the  office  of  the  sepals 
is  to  protect,  especially  in  the  bud,  the  inner  and  more  delicate  parts  of 
the  flower,  and  that  it  is  this  important  office  rather  than  the  color  which 
distinguishes  the  sepals  on  the  outside  from  the  petals  which  are  set 
inside  them.  Therefore,  the  sepals  should  first  be  observed  as  protect- 
ing the  flower  bud,  and  the  changes  that  come  over  it  should  be  noted 
so  that  there  will  be  no  confusion  even  though  they  later  appear  like 
the  petals  in  shape  and  color. 
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LESSON  XVL 

DAFFODILS,  JONQUILS  AND  NARCISSUS. 

Purpose, —  To 
lead  the  pupils  to 
notice  that  the 
daffodil,  jonquil 
and  narcissus  are 
very  closely  re- 
lated and  quite 
similar  and  that 
they  all  come  from 
bulbs  which  should 
be  planted  in  Sep- 
tember; that  after 
the  first  planting 
they  will  flower  on 
year  after  year, 
bringing  us  much 
joy  in  the  early 
spring. 

Methods,—  The 
flowers  brought  to 
school     may     be 
studied    for    form. 
There  should  be  a 
special  study  of  the 
way  the  flower  de- 
velops its  seed  and 
how    the    plant    is 
propagated       by 
bulbs.     The   work 
should  lead  direct- 
ly to  an  interest  in 
the   cultivation  of   the   plants   which   are   especially   adapted   for  both 
window  gardens  and  school  gardens.     The  children  will  find  methods 
described    in    seedmen's   catalogues   and   other  books   for  planting  and 
cultivating  these  flowers. 
Observations: 

( I )  Note  the  shape  of  the  flower.  lias  it  any  sepals?  What  covered 
the  flower  bud  at  first  ?  What  covered  it  after  it  pushed  out  from  *f 
spathe?  • 
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(2)  How  do  the  petal-like  parts  of  these  flowers  look?  How 
many  are  there  of  them  ?  Ek>  they  make  the  most  important  part  of  the 
flower  ? 

(3)  What  does  the  central  part  of  the  flower  look  like?  Why  is 
it  called  the  corona  or  crown?  Is  it  a  part  of  the  tube  which  joins  the 
flower  to  the 'stem?  Do  the  petal-like  parts  peel  off  this  tube?  Peel 
them  off  one  flower  and  see  that  the  tube  is  shaped  like  a  trumpet. 

(4)  Look  down  into  the  crown  of  the  flower  and  tell  what  you 
see.    Can  you  see  where  the  insect's  tongue  must  go  to  reach  the  nectar  ? 

(5)  Cut  open  a  trumpet  lengthwise  to  find  where  the  nectar  is. 
How  far  is  it  from  the  mouth  of  the  tube?  How  long  would  the  insect's 
tongue  have  to  be  to  reach  it  ?    What  insects  have  tongues  as  long  as  this  ? 

(6)  In  order  to  reach  the  nectar  how  would  an  insect  become 
dusted  with  pollen?  Are  the  stamens  loose  in  the  flower  tube?  Is  the 
pistil  longer  than  the  stamens?  How  many  parts  are  there  to  the  stigma? 
Can  you  see  how  the  flowers  are  arranged  so  that  the  insects  can  carry 
pollen  from  flower  to  flower  ? 

(7)  What  is  the  green  swelling  in  the  stem  at  the  base  of  the 
trumpet?  It  is  a  continuation  of  the  style?  Cut  it  across  and  describe 
what  you  see.    How  do  the  young  seeds  look  and  how  are  they  arranged  ? 

(8)  Where  the  flower  stem  joins  the  stalk  what  do  you  see?  What 
in  this  dry  spathe  there  for  ?  Are  there  one  or  more  flower  stems  coming 
from  this  spathe? 

(9)  Describe  the  flower  stalk.  Are  the  leaves  wide  or  narrow? 
Are  they  as  long  as  the  flower  stalks?  Are  they  flat,  or  are  they  grooved 
to  fit  around  the  flower  stalk  ? 

(10)  What  are  the  differences  between  daffodils,  jonquils  and  poet's 
narcissus?  When  should  the  bulbs  for  these  flowers  be  planted?  WiJl 
there  be  more  bulbs  formed  around  the  one  you  plant?  Will  the  same 
bulb  ever  send  up  flowers  and  leaves  again?  How  do  the  bulbs  divide. to 
make  new  bulbs? 

(11)  How  should  the  bed  for  the  bulbs  be  prepared?  How  near 
together  should  the  bulbs  be  planted?  How  deep  in  the  earth?  How 
protect  them  in  the  North  during  the  winter? 

(12)  Why  should  you  not  cut  the  leaves  off  after  the  flowers  have 
died?  Why  should  you  not  let  the  seeds  ripen?  When  should  the  flow- 
ers be  cut  for  bouquets  ? 

(13)  Who  was  Narcissus  and  why  should  these  early  spring  flow- 
ers be  named  after  him? 

Supplementary  reading.— Potms,  "Green  Things  Growing",  Mulock; 
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"The   Daffodils",   Wordsworth;   "The   Story  of    Narcissus",  Child's 

Study  of   the    Qassics ;    "  Mary's    Garden ",    Chapters   XXVI  and 

XXVII.    Daffodils,  Jacob,  Fred.  Stokes  &  Co. 

Facts    for    teachers. —  The     daffodils  and 
their  relatives,  the  jonquils  and  narcissus,  are 
interesting  when  we  stop  to  read  their  stor)'  '^ 
their  form.    The  six  segments  of  the  perianth. 
or  as  we  would  say,  the   three  bright  colored 
sepals  and  the  three  inner  petals  of  the  flower, 
are  different  in  shape,   but   they  all  look  like 
petals  and  stand  out  in  star-shape  around  the 
flaring  end  of  the  flower  tube,  which,  because 
of   its   form,   is   called   the    corona  or  crown; 
however,  it  looks  more  like  a  stiff  little  p^tn- 
coat  extending  out  in  the  middle  of  the  flower 
than  like  a  crown.     The   crown  is  simply  the 
widened  end  of  the  tube  of  the  flower,  as  mat 
be  seen  by  opening  a  flower  lengthwise;  and 
the  six  seeming  petals  will   peel  off  the  tube, 
showing  that  they  are  fastened  to  the  outside 
of  it.    When  we  look  down  into  the  crown  oi 
one  of  these  flowers  we  see  the  long  style  with 
its  three-lobed    stigma  pushing  out  beyond  six 
anthers,  which  are  pressed  close  about  it  at  the 
throat  of  the  tube;  between  each  two  anthen 
may  be  seen  a  little  passage  through  which  the 
tongues  of  the  moth  or  butterfly  can  be  thrust 
to    get    the    nectar;    the    bees    have   to  crawl 
down   into   the   tube   to   reach    it.    In  a  tuhc 
slit  open   we  can   see  the  nectar  at  the  verr 
bottom  of  it;  it  is  sweet  to  the  taste  and  has 
a  decided  flavor.     In  this  open  tube  we  nuj 
see  that  the  filaments  of  the  stamens  are  grown  fast  to  the  sides  of  the  tube  for 
a  part  of  their  length,  only  enough  remaining  free  to  press  the  anthers  close  to 
the  style.    The  ovary  of  the  pistil  is  a  green  swelling  or  enlargement  at  the  bast 
of  the  tube ;  by  cutting  across  we  can  see  that  it  is  triangular  in  outline  and  has 
a  little  cavity  in  each  angle  large  enough  to  hold  two  rows  of  the  little,  whitt 
shining,  unripe  seeds.    Each  of  these  cavities  is  partitioned  from  the  others  by  a 
green  wall,  and  the  place  where  they  join  the  outer  wall  may  be  seen  as  a  suture 
on  the  outside  of  the  seed-pod. 

The  stem  of  the  flower,  or  in  the  case  of  the  jonquils,  two  or  three  stems 
together,  joins  the  stalk  at  a  point  where  the  withered  and  membraneous  spathc 
still  clings,  although  its  special  use  as  a  protection  for  the  flower  buds  has  long 
since  ceased.  When  the  flower  stalk  first  appears,  it  comes  up  like  a  sheathed 
sword  green  and  flat,  with  lengthwise  veins  and  a  decided  ridge  at  each  edge 
Later  the  sheath  rounds  out  and  the  imprisoned  flower  pushes  harder,  findj 
splitting  the  sheath  or  spathe  from  point  to  hilt    Perhaps  this  process  is  ai(k<i 


a, corona;  6, corolla;  c, corolla  tube 
d,  ovary;  0,  spathe. 
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mechanically  by  the  bending  of  the  sheath  and  the  blossom  within  it  at  right 
ang^les  to  the  stalk.  Later  the  sheath  clings  sere,  parchment-like,  and  wrinkled 
just  behind  the  flower.  The  stalk  is  a  strong  green  tube.  The  leaves  are  fleshy 
and  are  grooved  on  the  inner  side,  the  groove  being  deep  enough  to  clasp  half 
way  around  the  flower  stem.  The  number  of  leaves  varies  with  the  variety,  and 
they  are  usually  as  tall  as  the  flower  stalk.  There  is  one  flower  on  a  flower  stalk 
in  the  daffodils  and  the  poet's  narcissus,  but  two  or  more  flowers  on  the  same 
stalk  in  the  jonquils  and  paper-white  narcissus. 

A  bed  should  be  prepared  by  digging  deep  and  fertilizing  with  stable  manure. 
The  bulbs  should  be  planted  in  September  or  early  October  and  should  be  four 
to  six  inches  apart,  the  upper  end  of  the  bulbs  being  at  least  four  inches  below 
the  surface  of  the  soil.  They  should  not  be  disturbed  but  allowed  to  occupy 
the  bed  for  a  number  of  years,  or  as  long  as  they  give  plenty  of  flowers.  As 
soon  as  the  surface  of  the  ground  is  frozen  in  the  winter,  the  beds  should  be 
covered  four  to  six  inches  deep  with  straw-mixed  stable  manure,  which  can  be 
raked  off  very  early  in  the  spring.  The  new  bulbs  are  formed  at  the  sides  of  the 
old  one;  for  this  reason  the  daffodils  will  remain  permanently  planted  and  not 
lift  themselves  out  of  the  ground  like  the  crocuses. 

The  leaves  of  the  plant  should  be  allowed  to  stand  as  long  as  they  will  after 
the  flowers  have  disappeared,  so  that  they  may  furnish  the  bulbs  with  plenty  of 
food  for  storing.  The  seeds  should  not  be  allowed  to  ripen,  as  the  process  costs 
the  plant  too  much  energy  and  thus  robs  the  bulbs.  The  flowers  should  be  cut 
just  as  they  are  opening.  Of  the  white  varieties,  the  poet's  narcissus  is  the  most 
satisfactory,  as  it  is  very  hardy  and  very  pretty,  its  corona  being  a  shallow,  flaring, 
greenish  yellow  rosette  with  orange-red  border.  The  anthers  of  its  three  longest 
stamens  make  «  pretty  center.  No  wonder  Narcissus  bent  over  the  pool  in  joy 
aH  viewing  himself  if  he  was  as  beautiful  a  man  as  the  poet's  narcissus  is  a 
flower ! 

LESSON    XVIL 
THE  SNOWDROP. 

Purpose. — ^To  lead  the  pupils  to  give  close  attention  to  this  brave 
little  flower  and  note  its  method  for  securing  the  transportation  of  its 
pollen  by  insects. 

Method, — As  soon  as  the  snowdrops  appear  in  spring,  bring  several 
plants  in  different  stages  Jo  the  schoolroom  for  study,  or  ask  the  ques- 
tions and  let  the  children  find  the  answers  for  themselves  by  studying 
the  flower  in  the  gardens. 
Observations: 

(i)     How  early  in  the  spring  have  you  found  the  snowdrop  blossom- 
ing?   Have  you  ever  found  it  in  winter?    Does  it  wait  until  the  snow 
goes  off  before  blossoming?    Does  a  snow  storm  disturb  it? 
35 
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(2)  Study  the  bulb  of  a  snowdrcp 
see  how  it  gets  ready  to  bloom  so  eri 
How  many  coats  protect  it? 

(3)  How  many  leaves  come  i:.. 
each  bulb?  What  does  the  outer  !c: 
enfold  at  its  base?  What  does  the  in: 
leaf  enfold  at  its  base?  Describe  : 
leaves  ? 

(4)  How  does  the  flower  bud  lo-ck  n 
first?     As  it  elongates,    what  happer 
Does  it  droop  at  first  ?     What  happen^ 
the  spathe  which  protected  it,  after  ::: 
flower  opens? 

(5)  What  is  the  form   of  the  flo 
ers?     Can  you   see   why    the    Germir 
called  them  snow-bells? 

(6)  Describe  one  of  the  bells,  \Mr 
parts  of  the  flower  make  the  outside 
What  parts  make  the  "  clapper  "  ?    I 

the  clapper  a  real  tube  or  are  its  parts  separate?     What  parts  of  tli: 
flower  does  the  "clapper"  protect? 

(7)  How  many  stamens  are  there?  How  are  they  arranged  around 
the  pistil  ?    Where  do  the  anthers  discharge  their  pollen  ? 

(8)  Describe  the  stigma.  Does  it  extend  beyond  the  anthers' 
Where  is  the  seed-box  ?  How  many  compartments  are  there  in  it  ?  How 
are  the  seeds  placed  in  it? 

(9)  What  is  the  nectar?  How  does  the  bee  become  dusted  with 
pollen  while  probing  for  nectar?  Do  you  think  the  fragrance  tells  the 
bees  that  there  is  nectar  to  be  had? 

(10)  Where  should  snowdrops  be  planted?  When  should  they  be 
planted  ? 


Facts  for  teachers. —  So  early  is  the  snowdrop  and  so  fearless  of  the  cold 
and  storm  that  it  seems  a  part  of  the  snows  of  March,  and  thus  gained  its  name 
It  has  special  pet  names  in  each  land  that  it  cheers.  The  English  call  it  "  The 
fair  maid  of  February  " ;  the  Germans  call  it  "  Snow-bell ",  and  the  French,  "  Peep 
out  of  the  snow."  It  has  been  reported  in  blossom  in  January,  although  usually 
it  does  not  appear  before  March  or  April. 
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The  Snowdrop, 
s,  sepal:  an,  anther:  stg,  stigma 
with  petal  behind  it;  o,  ovary;  o», 
ovary    in     cross-section    showing 
young  seeds. 


The  bulb  »s  a  tiny  one  covered  with  several 
seamless  coats  one  outside  another,  the  innermost 
coat  of  all  standing  high  around  the  base  of  the 
leaves.  There  are  little  white  rootlets  at  the  bot- 
tom  of  the  bulb. 

The  leaves  are  fleshy,  narrow,  bright  green, 
and  grooved  at  the  center,  but  with  no  noticeable 
veins.  The  secret  of  their  grooves  lies  in  the  bud- 
dings leaves.  Each  outer  leaf  enfolds  the  next 
inner  one,  and  the  inner  leaf  enfolds  the  blossom 
stem. 

At  first  the  flower  stem  rises  straight  up  from 
the  center .  of  the  bulb  shrouded  in  its  sharp 
spathe.  But  as  it  blossoms,  the  stem  bends  so 
that  the  flower  droops.  There  is  a  joint 
where  the  flower  stem  begins  to  bend,  and  from 
this  arises  the  curved  spathe  narrow  and  sharp,  suspended  above  the  drooping 
flower,  like  the  sword  of  Damocles.  The  flower  stem  is  pale  green,  as  is  also  the 
seed-box  or  ovary,  which  is  subglobular.  On  it  are  set  the  three  large  white 
sepals  which  are  concave  and  ribbed  lengthwise  and  make  the  white  bell  of  the 
flower.  Within  and  forming  the  clapper  of  the  bell  are  three  mottled  green  and 
white  pcrtals,  each  notched  at  its  tip.  These  are  set  so  closely  together  that  they 
seem  to  form  a  tube  to  protect  the  stamens  and  pistil  at  the  center;  however, 
they  are  separate  and  not  joined. 

Within  this  little  green  clapper  are  six  stamens.  The  anthers  are  long  and 
yellow  and  heart-shaped,  and  are  supported  on  short,  stout,  white  or  greenish 
filaments.  The  anthers  have  thin  narrow  tips  pressed  closely  around  the  style  an 
eighth  of  an  inch  behind  the  stigma.  The  anthers  open  in  such  a  manner  that 
the  pollen  is  not  shaken  out  of  the  bell,  but  is  showered  around  the  base  of  the 
style  where  the  nectar  glands  are  situated.  Thus  any  very  early  bee,  probing 
the  bell  for  nectar,  must  get  her  tongue  and  face  dusted  with  pollen,  which  she 
may  rub  off  on  the  stigma  of  the  next  snowdrop  she  visits. 

The  ovary  or  seed-box  has  three  cells  or  chambers  in  which  the  seeds  grow 
in  pairs.  Snowdrops  grow  best  in  cool  and  shaded  places,  since  they  cannot 
endure  the  heat  of  the  unclouded  sun.  They  take  no  harm  from  being  crowded 
and  need  to  be  set  closely  for  best  effect.  They  should  be  planted  in  the  autumn, 
before  the  ground  freezes.  Since  the  snowdrops  are  perennials,  a  bed  of  them 
may  be  kept  indefinitely.  Their  fragrance  is  very  delicate,  and  is  attractive  to  us 
as  well  as  to  the  bees. 

"  And  I  believe  the  brown  earth  takes  delight 
In  the  new  snowdrop  looking  back  at  her. 
To  think  that  by  some  vernal  alchemy 
It  could  transmute  her  darkness  into  pearl." 

Lowell. 
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LESSON  XVIII. 

THE  CROCUS. 

Purpose, — To  lead  the  pupils  to  think  why  the  crocuses  appear  5^ 
early  in  the  spring  and  to  lead  them  to  observe  the  structure  of  the 
flower. 

Method  and  material.—  If  it  is  possible  to  have  crocuses  in  boxes  in 
the  schoolroom  windows,  the  flowers  may  thus  best  be  studied.    Other- 
wise, when  crocuses  are  in  bloom  bring  them  into  the  schoolroom,  bulbs 
and  all,  and  place  them  where  the  children  may  study  them  at  leisure. 
Observations: 

(i)  At  what  date  in  the  spring  have  you  found  crocuses  in  blossom' 
Why  are  they  able  to  blossom  so  much  earlier  than  other  flowers? 

(2)  Take  a  crocus  just  pushing  up  out  of  its  bulb.  How  many  over- 
coats protect  its  leaves?  What  is  at  the  very  center  of  the  bulb?  Has 
the  flower  bud  a  special  overcoat  ? 

(3)  Describe  the  leaves.  How  are  they  folded  in  their  overcoat5. 
What  color  are  they  where  they  have  pushed  out  above  their  overcoats' 
What  color  are  they  within  the  overcoats?    Why? 

(4)  Do  the  flowers  or  the  leaves  have  stems,  or  do  they  arise  directly 
from  the  bulb? 

(5)  What  is  the  shape  of  the  open  crocus  flower?  Can  you  tell  the 
difference  between  sepals  and  petals  in  color?  Can  you  tell  the  Sf^ereihr 
by  their  position?  Or  by  their  texture  above  or  below?  As  you  ^(^ 
into  the  flower,  which  make  the  points  of  the  triangle,  the  scpais  or  the 
petals  ? 
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(6)  Describe  the  anthers.  How  long  are  they?  How  many  are 
"there?  How  do  they  open?  What  is  the  color  of  the  pollen?  Describe 
I10W  a  bee  becomes  dusted  with  pollen?  Why  does  the  bee  visit  the 
crocus  blossom?    If  she  finds  nectar  there,  where  is  it? 

(7)  Describe  the  stigma.  Open  a  flower  and  see  how  long  the  style 
is?  How  do  the  sepals  and  petals  unite  to  protect  the  style?  Where 
is  the  seed-box?  Is  it  so  far  down  that  it  is  below  ground?  How  many 
seeds  are  developed  from  a  single  blossom? 

(8)  How  many  colors  do  you  find  in  the  crocus  flowers?  Which  are 
the  prettiest  in  the  lawn?     Which,  in  the  flower  beds? 

(9)  How  dp  the  crocus  blossoms  act  in  dark  and  stormy  weather? 
When  do  they  open? 

(10)  How  do  the  crocus  bulbs  multiply?  Why  do  they  lift  them- 
selves out  of  the  ground  and  thus  need  resetting. 

(11)  Describe  how  to  raise  crocuses  best ;  the  kind  of  soil,  the  time  of 
planting,  and  the  best  situations. 

Facts  for  teachers. —  The  crocus,  like  the  snowdrop, 
cannot  wait  for  the  snow  to  be  off  the  ground  before  it 
pushes  up  its  gay  blossoms,  and  it  has  thus  earhed  the 
gratitude  of  those  who  are  winter-weary. 

The  crocus  has  a  corm  instead  of  a  bulb  like  the  snow- 
drop or  daffodil.  A  corm  is  a  solid  thickened,  under- 
ground stem,  and  is  not  in  layers,  like  the  onion.  The 
roots  come  off  the  lower  side  of  the  corm.  The  corm  of 
the  crocus  is  well  wrapped  in  several,  usually  five,  white  The  old  and  younfi 

coats  with  papery  tips.  When  the  plant  begins  to  grow  corms  of  the  crocus, 
the  leaves  push  up  through  the  coats.  The  leaves  are  grasslike  and  may 
be  in  number  from  two  to  eight,  depending  on  the  variety.  Each  leaf  has 
its  edge  folded,  and  the  white  midrib  has  a  plait  on  either  side,  giving  it  the 
appearance  of  being  box-plaited  on  the  under  side.  The  bases  of  the  leaves 
enclosed  in  the  corm  coats  are  yellow,  since  they  have  had  no  sunlight  to  start 
their  starch  factories  and  the  green  within  their  cells.  At  the  center  of  the  leaves 
appear  the  blossom  buds,  each  enclosed  in  a  sheath. 

The  petals  andl  sepals  are  similar  in  color,  but  the  three  sepals  are  on  the 
outside,  and  their  texture,  especially  on  the  outer  side,  is  coarser  than  that  of 
the  three  protected  petals.  But  sepals  and  petals  unite  into  a  long  tube  at  the 
base.  At  the  very  base  of  this  corolla  tube,  away  down  out  of  sight,  even  below 
the  surface  of  the  ground,  is  the  seed-box  or  ovary.  From  the  tip  of  the  ovary 
the  style  extends  up  through  the  corolla-tube  and  is  tipped  with  a  ruffled  threc- 
lobed  stigma. 
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The  three  stamens  are  set  at  the  thro^ 
of  the  corolla  tube.  The  anthers  arc  Terr 
long  and  open  along  the  sides.  The  antben 
mature  first,  and  shed  their  pollen  in  the  cc; 
of  the  blossom  where  any  insect,  seeking  ±t 
nectar  in  the  tube  of  the  corolla,  must  be- 
come dusted  with  it.  However,  if  the  stigrrii 
lobes  fail  to  get  pollen  from  other  flowers, 
they  later  spread  apart  and  curl  over  unrH 
they  reach  some  of  the  pollen  of  their  ow3 
flower. 

Crocus  blossoms  have  varied  colors: 
white,  yellow,  orange,  purple,  the  lattff 
often  striped  or  feather- veined.  And,  while 
many  seeds  like  tiny  pearls,  are  developed 
in  the  oblong  capsule  in  midsummer,  yet  ii 
is  by  conns  that  the  crocus  multiplies.  On 
top  of  the  mother  corm  of  this  year  develop 
several  small  corms,  each  capable  of  grow- 
ing a  plant  next  year.  But  after  two  yean 
of  this  second-story  sort  of  multiplication 
the  young  crocuses  are  pushed  above  tht 
surface  of  the  ground.  Thus  they  need  to 
be  replanted  every  two  or  three  years. 
Crocuses  may  be  planted  from  the  first  of 
October  until  the  ground  freezes.  The? 
make  pretty  borders  to  garden  beds  and 
paths.  Or  they  may  be  planted  in  lawns 
without  disturbing  the  grass,  by  punching  a 
hole  with  a  stick  or  dibble  and  dropping  in  a  corm  and  then  pfessin^  back  the 
soil  in  place  above  it.    The  plants  will  mature  before  the  grass  needs  to  be  mowed 


The  Crocus. 
p,  petal;  sp,  sepal;  an,  anther;  f,  fila- 
ment; stg.  stigma;  &,  mother  conn;  l/W, 
young  corms. 


April 
Again  has  come  the  spring-time. 
With  the  crocus's  golden  bloom, 
With  the  smell  of  fresh-turned  earth-mould 
And  the  violet's  perfume. 

O  gardener!    Tell  me  the  secret 
Of  thy  flowers  so  rare  and  sweet ! 
"  I  have  only  enriched  my  garden 
With  the  black  mire  from  the  street." 

—  Samuel  Longfellow. 
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LESSON   XIX. 

SCILLA   OR    SIBERIAN    SQUILL. 

Purpose. — To  make  the  pupils   familiar    with    this    pretty    garden 
flower  and  the  best  way  to  grow  it. 

Method, — A  bulb  and  several    plants  in  different    stages    of    bloom 
should  be  established  in  the  schoolroom  windows  where  the  pupils  may 
make  their  observations  at  leisure. 
Observations: 

( 1 )  What  sort  of  a  bulb  has  the  squill  ?  How  does  it  differ  from  the 
bulb  of  the  snowdrop  and  crocus? 

(2)  Describe  the  leaf.     How  many  leaves  come  from  one  bulb? 

(3)  How  does  the  flower  bud  look  when  it  first  appears? 

(4)  Does  the  open  flower  stand  up  or  droop?  How  many  flowers 
on  a  stem  ?    Describe  the  bract  at  the  base  of  each  flower. 

(5)  Look  in  the  face  of  the  flower.  How  many  petals  do  there  seem 
to  be  ?  What  are  their  colors  and  how  are  they  marked  ?  Look  at  the 
back  of  the  flower  and  see  if  you  can  tell  which  of  the  six  are  sepals? 
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(6)  How  many  stamens?    Are  they  set  between  or  opposite  the  penis 
and  sepals.     What  color  are  the  anthers?     The  pollen? 

(7)  What  color  is  the  style  and  stigma?    What  color  is  the  ovan  or 
seed-box  at  the  center  of  the  flower? 

(8)  Describe  the  seed  capsule.     Cut  one  across;  how  many  comian- 
ments  in  it?    Make  a  sketch  showing  how  the  seeds  are  placed. 

(9)  When  should  squills  be  planted?    Where  do  they  look  best?   k 
what  localities  do  they  thrive  best? 

Facts  for  teachers. —  This  pretty,  blue-eyed  daughter  of  spring  shows  off  :c 
better  advantage  when  it  is  planted  closely,  for  its  blue  stars  need  to  be  r 
constellations  to  be  appreciated.  It  comes  to  us  from  Siberia,  and  teaches  :i^ 
that  there  are  mitigations  to  life  even  in  that  dreary  land  of  exiles;  it  is  als^- 
a  native  of  Asia  Minor. 

The  bulb  of  the  scilla  is  small  and  a  true  bulb  with  fibrous  roots  below  i: 
From  each  bulb  arise  two  to  four  narrow  straight  leaves  from  four  to  sa 
inches  high. 

The  scilla  flowers  have  a  passion  for  blueness.  Not  only  is  the  star-shapei 
corolla  blue  but  also  the  stamens,  the  pollen,  the  style  and  stigma.  If  we  Ix-k 
at  the  flower  from  behind  we  can  easily  tell  which  three  of  the  six  apparen 
petals  are  sepals,  because  they  are  so  obviously  outside  and  behind  the  otfatr 
three.  Each  sepal  has  a  tuft  of  white  hairs  at  its  tip;  otherwise,  the  xhrtt 
sepals  resemble  almost  exactly  the  three  petals,  being  deep  blue  with  a  darker 
line  down)  the  center.  If  we  look  the  flower  in  the  face  we  see  that  near  th« 
center  it  is  iridescent  pinkish  or  whitish,  the  end  of  each  petal  and  sepal  being 
darker  and  curved  at  the  thickened  tip,  like  the  bow  of  a  caiioe. 

The  ovary  or  seed-box  at  the  center  of  the  flower  is  g^reenish  or  ycUowisis 
and  six  lobed,  tipped  with  a  slender,  purplish  style  and  a  minute  blue  stigma 
Between  each  two  lobes  of  the  ovary  stands  a  stocky  stamen  with  flattened 
filament  and  blue  anther  bursting  with  pollen  of  robin's  egg  blue. 

There  arelwo  or  three  flowers  on  each  stem,  and  surrotuiding  the  base  M 
each  drooping  pedicel  is  a  little  bract  shaped  like  a  half  barrel. 

The  seed  capsule  is  divided  into  three  cells,  with  the  seeds  like  double  row> 
of  elongated  pearls  fastened  along  the  partitions. 

And  first  the  snowdrop's  bells  are  seen. 
Then  close  against  tlie  sheltering  wall 
The  tulip's  horn  of  dusky  green. 
The  peony's  dark  unfolding  ball. 

The  golden  chaliced  crocus  burns ; 
The  long  narcissus  blades  appear ;   , 
The  cone  beaked  hyacinth  returns 
To  light  her  blue-flamed  chandelier. 

Oliver  Wendell  Holmes. 


Digitized  by  VjOOQIC 


Teacher's  Leaflet 


1097 


LESSON    XX. 

THE   HYACINTH. 


Furpose.^To 
lead  the  pupils 
to  'd  knowledge 
of  tlie  hyacinth 
and  to  interest 
thein  in  its  cul- 
tivation. 

Method.^  A 
potted  hyacinth 
blossoming  in 
the  schoolroom 
or  one  of  the 
plants  brought 
in  from  the  gar- 
den is  all  the 
material  neces- 
£=ary  for  this 
lesson. 
Obscn^tions: 

( T )       When 
hyacinth 
appears 
ground 
does      it 


t  h  e 
ft  r  s  t 
a1jo\'e 
how 
look? 


(2)  Do  the  flower  buds  appear  as  soon  as  the  leaves  ? 

(3)  How  are  the  leaves  arranged  around  the  flower  buds?    Describe 
the  leaves. 

(4)  Describe  the   bunch   of   flower  buds.     How   are   they   packed 
together? 
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(5)  What  color  are  the  flower  buds  ? 

(6)  Take  one  apart.  How  many  of  the  green  sepal-like  fobes  protect 
the  flower? 

(7)  Do  those  flowers  which  appear  above  the  ground  first,  open 
before  the  others? 

(8)  Where  upon  the  stem  do  the  flowers  open  first  ?  How  many  open 
each  day? 

(9)  What  becomes  of  the  green  sepal-like  lobes  when  the  flowers 
open  ?  Describe  where  the  change  of  color  begins  ?  Which  part  of  the 
lobes  is  the  last  to  lose  the  green  ? 

(10)  What  sort  of  flower  stem  has  the  hyacinth?  How  are  the 
flowers  arranged  upon  it? 

(11)  Are  they  packed  more  closely  at  the  top  of  the  stem  or  at  the 
bottom? 

(12)  What  is  there  peculiar  about  the  juice  of  the  hyacinth  plant? 

(13)  Take  an  open  flower.  How  is  it  set  upon  the  stem  ?  Is  there  a 
bract  where  it  joins  the  stem? 

(14)  How  many  lobes  to  the  flower  tube?  Can  you  tell  by  feeling 
which  of  these  lobes  acted  as  sepals  to  the  bud  ? 

(15)  How  many  anthers?  Where  are  they  placed?  How  do  they 
open  ?  I 

(16)  What  is  the  color  of  the  pollen  ?  ' 

(17)  Describe  the  stigma,  the  filament,  and  the  ovary. 

(18)  Of  what  service  is  the  strong  odor  of  the  hyacinth?  1 

(19)  What  insects  visit  it?     What  do  you  think  is  its  scheme  for    | 
securing  pollen  ? 

Facts  for  teachers. —  The  hyacinth  has  been  famous  from  the  times  of 
antiquity,  and  played  its  part  in  Greek  mjrthology.  It  was  introduced  into  North- 
em  Europe  early  in  the  sixteenth  century.  Rarely  does  a  species  of  plant  show 
such  a  wide  range  in  the  colors  of  its  flowers  —  white,  pink,  purple,  lilac,  and 
pale  yellow  are  common  varieties  —  and  each  plant  is  a  complete  bouquet.  Holland 
produces  hyacinth  bulbs  for  the  world. 

When  the  hyacinth  first  appears  above  ground  its  leaves  are  all  drawn  to- 
gether at  the  tips,  making  a  pointed -peg  to  push  up  through  the  5oiL  Later 
the  fleshy  leaves  spread  out  in  star-shape  and  reveal  at  their  center  an  ob/oog 
bunch  of  green  buds  packed  so  closely  together  that  they  look  like  a  small  pea- 
green  pineapple.  If  we  look  closely  at  the  flower  buds  we  find  that  each  had 
is  shaped  to  fit  exactly  its  neighboring  buds  like  a  piece  of  mosaic.  Each  bud 
is  covered  with  'three  green  sepals  that  close  tightly  about  its  outside. 

We  might  naturally  suppose  that  those  buds  that  first  appear  at  the  tip  <>^ 
the  flower  stalk  would  be  the  ones  first  to  blossom.     Not  so!    Those  at  tht 
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base  are  the  first  to  open,  and  their  first  sign  of  bloom  is  the  change  in  color  of 
the  green  sepals.  At  first  their  bases  take  on  the  hue  of  the  hyacinth  variety, 
and  this  color,  be  it  blue,  purple,  pink  or  yellow,  creeps  upward  toward  the  sepal 
tips  until,  when  the  flower  is  ready  to  open  there  is  scarcely  any  of  the  green 
left  upon  them.  This  gradual  change  of  color  should  be  one  of  the  interesting 
points  of  observations  on  the  part  of  the  children.  We  could  not,  through  dyes, 
change  green  to  lilac,  or  pink  or  yellow  to  whit6.  But  the  hyacinth  does  it  to 
perfection.  These  once  green  sepals,  however,  always  retain  their  thickened,  close- 
fisted  tips,  showing  where  they  once  "  held  hands  "  above  the  bud. 

When  the  flower  is  open  we  can  see  that  it  is  set  upon  a  short  stem  which 
has  a  little  bract  below  it  where  it  joins  the  central  fleshy  stem.  There  are  now 
six  lobes  to  the  flower  bell,  and  we  can  tell  by  the  thickened  tips  which  of  these 
six  lobes  acted  as  sepals  to  the  flower  bud.  The. six  stamens  are  placed  opposite 
the  lobes  and  at  the  throat  of  the  bell.  Each  stamen  has  a  broad  triangular 
filament  which,  like  a  bracket,  holds  the  pale  yellow  anther  at  its  tip.  The 
stamens  project  toward  the  center  of  the  flower  and  form  a  tent  above  the  stigma 
and  ovary.  The  anthers  and  pollen  are  often  the  same  color  as  the  flower.  At 
the  bottom  of  the  flower  is  the  green,  three-lobed,  almost  globular  ovary  with 
sutures  between  and  also  at  the  middle  of  its  lobes.  This  is  crowned  with  a 
short,  brushy  three-lobed  stigma,  the  color  of  the  flower.  The  anthers  ripen  and 
shed  their  pollen  before  the  stigma  is  ready  to  receive  it.  The  strong  fragrance 
of  the  flower  attracts  to  it  many  insects,  especially  the  bees,  and  they  carry  the 
pollen.  In  the  flowers  examined  for  this  lesson,  I  found  that  most  of  the  single 
varieties  produced  seed,  occurring  as  twins  set  in  the  lobes  of  the  ovary. 
.  The  hyacinth  bulb  has  attached  to  it  many  long,  thread-like  roots.  If  cut 
through  the  center  we  see  that  it;,  is  made  up  of  many  layers  like  the  onion. 
Small  bulbs  are  found  around  the  base  of  the  mature  one.  A  rich,  light  soil 
is  best  for  hyacinths.  The  bulbs  should  be  set  out  in  October  and  set  about  eight 
inches  apart  and  four  inches  deep.  The  bed  should  be  mulched  during  cold 
weather. 

LESSON  XXI. 
The  Tulip. 

Purpose, —  To  lead  the  children  to  a  closer  study  of  this  gorgeous 
flower  and  to  instil  in  them  an  interest  in  its  cultivation  and  its  history. 

Method. —  These  observations  may  be  made  in  the  garden  or  from 
bouquets  brought  into  the  schoolroom.  The  seed  catalogues  may  be  a  help 
in  leading  the  children  to  an  interest  in  the  varieties.  Water-color  draw- 
ings should  be  a  large  factor  in  studying  the  tulips.  The  red  varieties  are 
best  for  beginning  the  study  although  others  will  do. 
Observations: 

(i)     What  is  the  color  of  your  tulip?    Is  it  all  the  same  color?    Is 
there  a  pattern  of  different  color  at  the  heart  of  the  flower? 


Digitized  by  VjOOQIC 


1 100  Home  Nature- Study  Course 

(2)  Take  a  tulip  blossom  that  is  in  the  bud  and  watch  it  for  several 
days  until  it  blossoms.  What  color  is  the  bud?  How  many  sepals  en- 
close the  bud?  What  is  the  color  of  these  sepals?  Does  this  color 
change  as  the  blossoms  get  ready  to  open? 

(3)  Study  the  open  flower.  Can  you  tell  in  this  which  were  the  three 
sepals  that  enclosed  the  bud  ?  Are  they  of  different  color  than  the  three 
petals  ?  Are  they  just  as  satiny  inside  as  are  the  petals  ?  Is  their  outside 
texture  just  the  same?  Can  you  see  that  the  three  sepals  are  placed  out- 
side the  three  petals?    When  the  blossom  closes  do  the  sepals  enfold  it'' 

(4)  W^here  in  the  flower  is  the  seed-box  or  ovary?  Describe  it. 
Describe  the  stigma  at  the  tip  of  it. 

(5)  How  many  stamens  are  there?  Describe  the  anthers.  What 
color  are  they?  How  do  they  open?  What  color  is  the  pollen?  Do  the 
anthers  reach  up  far  enough  to  scatter  their  pollen  on  the  stigma  ? 

(6)  Where  is  the  nectar  in  tulips  ?  How  is  it  necessary  for  the  insects 
to  become  covered  with  pollen  in  probing  for  the  nectar?  What  insect? 
do  you  find  visiting  the  tulips  in  the  garden? 

(7)  Describe  the  tulip  stem  and  the  leaves.  Do  the  leaves  completely 
encircle  the  flower  stem  at  the  base?  Are  their  edges  ruffled?  In  the 
sprouting  plant,  do  the  outer  basal  leaves  enfold  the  leaves  which  grow 
higher  on  the  stem  ?    Are  the  leaves  the  same  color  above  as  below  ? 

(8)  After  the  petals  have  dropped,  study  the  seed  capsule.  Cut  it 
across  and  note  how  many  angles  it  has.  What  fills  the  cells  in  the 
angles?    Should  tulips  be  allowed  to  ripen  seeds?    Why  not? 

(9)  Study  a  tulip  bulb.  Do  you  find  the  outer  and  inner  layers  and 
the  heart?  What  parts  of  the  plant  do  the  outer  layers  make?  What 
parts  do  the  center  or  heart  make? 

(10)  Where  are  the  true  roots  of  the  tulip?  When*  should  the  tulip 
bulbs  be  planted?  How  should  the  soil  be  made  ready?  How  protect 
the  tulip  bed  during  the  winter? 

(11)  Where  are  most  of  our  tulip  bulbs  grown  ?  Write  a  theme  on  the 
history  of  the  tulip. 

Facts  for  teachers. —  It  is  little  wonder  that  the  tulip  is  a  stately  flower  when 
we  consider  its  history.  It  made  its  way  into  Europe  from  the  Orient  during 
the  sixteenth  century,  bringing  with  it  the  honor  of  being  the  chosen  flower  of 
Persia,  where  its  colors  and  form  were  reproduced  in  priceless  webs  from 
looms  of  the  most  skilled  weavers.  And  no  sooner  was  it  seen  than  worshipped, 
and  speedily  all  Europe  was  at  its  feet. 

A  hundred  years  ago  the  Netherlands  was  possessed  with  the  tulip  mania 
Growers  of  bulbs  and  brokers  who  bought  and  sold  them  went  wild  in  specula- 
tion.   Rare  varieties  of  the  bulbs  became  more  coitly  than  jewels,  one  bulb  of 
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the  famous  black  tulip  being  sold  for  about  $i,8oo.  Since  then  the  growing  of 
tulips  has  been  one  of  the  noted  industries  of  th^  Netherlands,  and  now  the  bulbs 
on  our  market  are  imported  from  Holland. 

There  are  a  jjrreat  many  varieties  of 
tulips  and  their  brilliant  colors  make  our 
gardens  gorgeous  in  early  spring.  Al- 
though this  flower  is  so  prim,  yet  it  bears 
well  close  observation.  The  three  petals 
or  "  inner  segments  of  the  perianth,"  as 
botanists  call  them,  are  more  exquisite  in 
texture  and  in  satiny  gloss  on  their  inner 
surface  than  are  the  three  outer  segments 
or  sepals;  each  petal  is  like  grosgrain 
silk,  the  fine  ridges  united  at  the  central 
thicker  portion.  In  the  red  varieties 
there  is  a  six-pointed  star  at  the  heart 
of  the  flower,  usually  yellow  or  yellow 
margined,  each  point  of  the  star  being  at 
the  middle  of  a  petal  or  sepal;  and  the 
three  points  on  the  petals  are  longer  than 
those  on  the  sepals.  When  the  bud  first 
appears  it  is  enclosed  in  the  three  green 
sepals.  Later,  the  sepals  change  color  to 
match  the  petals. 
The  seed  vessel  stands  up,  a  stout,  three-sided,  pale  green  column  at  the  cen- 
ter of  the  flower,  its  three-lobed  yellowish  stigmas  in  some  varieties  making  a 
Doric  capital;  in  others  they  are  divided,  the  divisions  being  curled  to  make  a 
capital  almost  Ionian.  The  six  stout,  paddle-shaped  stamens  have  their  bases 
expanded  so  as  to  completely  encircle  the  base  of  the  pistil  column;  these  wide 
filaments  are  narrower  just  below  the  point  where  the  large  anthers  join. 

The  anther  opens  along  each  side  to  discharge  the  pollen;  however,  the 
anthers  flare  out  around  the  seed  vessel  and  do  not  reach  half  way  to  the  stigma, 
which  is  probably  the  tulip  way  of  inducing  the  insects  to  carry  their  pollen, 
since  the  bees  could  not  reach  the  nectar  at  the  base  of  the  pistil  without  dusting 
themselves  with  pollen. 

The  flower  stem  is  stout,  pale  green,  and  covered  with  a  whitish  bloom.  The 
leaves  are  long,  trough-shaped,  and  narrow,  with  parallel  veins;  the  bases  of 
the  lower  ones  encircle  the  flower  stem  and  have  their  edges  more  or  less  ruffled 
and  their  tips  recurved.  The  upper  leaves  do  not  completely  encircle  the  flower 
stem  at  their  bases.  The  texture  of  the  leaves  is  somewhat  softer  on  the  inside 
than  on  the  outside  and  both  sides  are  gprayish  green. 

After  the  petals  and  stamens  are  dropped,  the  seed  vessel  looks  like  an  orna- 
mental tip  to  the  flower  stem ;  it  is  three-sided,  with  double  rows  of  seeds  within 
each  angle.  The  seeds  should  not  be  allowed  to  ripen  as  they  thus  take  too  much 
strength  from  the  bulbs. 


I  Ripening  seed  capsule  of  the  tulip,  s 
The  seed  capsule  opened.  3  Cross<section 
of  capsule  showing  arrangement  of  seeds. 
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Th«  bulb  is  formed  of  several  coats  or  layers,  each  of  which  extends  in- 
wards and  may  grow  into  a  leaf.  This  shows  that  the  bulb  is  made  up  of 
leaves  which  are  thickened  with  the  food  that  is  stored  in  them  during  <m* 
season,  to  start  the  plant  to  growing  early  the  next  spring.  In  the  heart  of  each 
bulb  is  a  flower  bud.  sheltered  and  cuddled  by  the  fleshy  leaf  layers  around  it, 
which  protect  it  during  the  winter  and  furnish  it  food  in  the  spring.  Tfcis 
structure  of  the  bulb  explains  why  the  leaves  clasp  the  flower  stem  at  their 
bases.  The  true  roots  are  below  the  bulb,  making  a  thick  tassel  of  whke  rooticts 
which  reach  deep  into  the  soil  for  food  and  water. 

Tulips  are  very,  accommodating;  they  will  grow  in  almost  any  soil  if  it  i; 
well  drained,  so  that  excessive  moisture  may  not  rot  the  bulbs.  In  prepari-^ 
a  bed  it  should  be  rounded  up  so  as  to  shed  water;  it  should  also  be  worked  dee;- 
and  made  rich.  If  the  soil  is  stiff  and  clayey,  set  bulbs  only  three  inches  dee|:>. 
with  a  handful  of  sand  beneath  each.  If  the  soil  is  mellow  loam,  set  the  bulbs 
four  inches  deep  and  from  four  to  six  inches  apart  each  way,  depending  od 
the  size  of  the  bulbs.  They  should  be  near  enough  so  that  when  they  bloss'>tr 
the  bed  should  be  covered  and  show  no  gaps.  Take  care  that  the  pointtd 
tip  of  the  bulb  is  upward  and  that  it  does  not  fall  to  one  side  as  it  is  covered 
October  is  the  usual  time  for  planting,  as  the  beds  are  often  used  for  other 
flowers  during  the  summer.  However,  September  is  not  too  early  for  the  plant- 
ing, as  the  more  root  growth  made  before  the  ground  freezes  the  better; 
moreover,  the  early  buyers  have  best  choice  of  bulbs.  The  beds  should  be  pro- 
tected by  a  mulch  of  straw  or  leaves  during  the  winter,  which  should  be  raked 
off  as  soon  as  the  ground  is  thawed  in  the  spring.  The  blossoms  should  be  cut 
as  soon  as  they  wither,  in  order  that  the  new  bulbs,  which  form  withia  and  at  the 
sides  of  the  parent  bulb,  may  have  all  of  the  plant  food,  which  would  otherwise 
go  to  form  seed.  Tulips  may  be  grown  from  seed,  but  it  takes  five  to  seven 
years  to  obtain  blossoms,  which  may  be  quite  unlike  the  parent  and  worthless 
The  bulblets  grow  to  a  size  for  blooming  in  two  or  three  years;  the  laiige  one 
which  forms  in  the  center  of  the  plant  will  bloom  the  next  season. 

BOOKS  OF  REFERENCE. 
Manual  of  Gardening,  Bailey. 
The  Practical  Garden  Book,  Bailey  and  Hunn. 
Our  Garden  Flowers,  Harriet  Keeler. 
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A  Seed-Tester. 
Of  six  different  packets  of  seeds,  all  receiving  like  treatment,  results  show  that  No.  19  is  a  total 
failure,     Nos.  18  and  37  are  poor,  the  others  very  good. 

LESSON  XXII. 

ONION. 

Purpose,  To  make  the  pupils  better  acquainted  with  this  most  use- 
ful member  of  the  Lily  Family,  to  lead  them  to  observe  more  closely  the 
way  plants  grow  and  propagate  themselves,  and  to  show  the  need  for 
careful  selection  and  thorough  testing  of  seeds  when  a  uniform  crop  is 
desired. 

Materials. — A  tester  in  which  seeds  may  be  germinated  and  observed ; 
a  shallow  box  or  "  flat "  of  growing  seedlings  in  which  the  unfolding  of 
the  cotyledons  and  development  of  young  plants  may  be  watched ;  a  box 
or  pot  of  sprouting  "  tops  "  or  bulblets  which  grew  the  year  before  on 
the  stalk  of  a  parent  plant;  some  "  sets,'*  which  are  retarded  bulbs  from 
the  former  season's  growth ;  and  a  few  "  potato  "  or  "  multiplier  "  onions. 
With  these,  the  different  ways  of  propagation  may  be  studied  even  in 
the  schoolroom.  If  possible,  a  blooming  plant  should  be  studied  ajid 
it  may  be  obtained  before  the  closing  of  school  in  June  by  allowing  some 
of  the  early  planted  "  sets  "  to  send  up  a  flower  scape.  To  do  this  they 
should  be  transferred  from  the  pot  or  box,  with  as  little  disturbance  as 
possible,  to  a  sunny  out-^ioor  bed. 
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Seed  testers  may  be  made. with  ordinary  dinner  plates,  but  the  square, 
five-cent  cake  tins  kept  by  most  hardware  dealers  are  best.  Place  a  layer 
of  woolen  cloth  or  cotton  batting  on  the  bottom  of  the  tester  to  retain 
moisture ;  next,  cut  a  square  of  white  blotting  paper  the  size  of  the  tin. 
mark  it  oflF  in  numbered  squares ;  on  each  square  five  seeds  may  k 
placed,  the  numbers  serving  as  helps  in  keeping  a  record  of  the  gro\ah 
of  the  seeds.  Thoroughly  moisten  the  underlying  cloth  and  the  blotter. 
cover  with  another  cloth,  and  over  the  top  of  the  dish  place  a  cardboard 
cover  or  another  tin  to  exclude  light,  for  all  seeds  sprout  best  in  the 
dark.  Put  the  tester'  in  a  warm  place  and  be  very  careful  not  to  allow 
it  to  get  dry.  The  cloth  cover  may  be  lifted  daily  to  observe  how  the 
seeds  swell  as  they  absorb  moisture  and  to  note  the  first  peeping  out  of 
the  white  radicles.  A  lesson  in  percentage  should  be  given  on  the  results 
of  the  germination,  showing  whether  the  seed  is  good  or  bad. 
Observations: 

(i)     About  how  many  days  are  required  for  onion  seeds  to  germinate? 

(2)  Did  your  tester  contain  seeds  of  various  ages,  and,  if  so,  did  the 
older  seeds  sprout  as  well  as  the  seeds  from  the  latest  season?  Were 
there  any  seeds  that  did  not  sprout  at  all?  What  percentage  of  your 
seeds  sprouted? 

(3)  Did  the  seeds  seem  to  increase  in  size  before  sprouting?  If  so. 
what  caused  the  increase  in  size,  and  what  should  it  teach  as  to  the  con- 
dition of  the  soil  when  made  ready  for  planting  seeds  out  of  doors? 

(4)  From  what  part  of  the  seed  did  the  radicle  or  little  rootlet  thrust 
itself  forth?  Describe  the  radicle.  Is  its  tip,  which  must  force  its  way 
through  the  soil,  of  the  same  color  and  consistency  as  the  upper  part? 
What  sort  of  growth  is  on  the  rootlet  just  back  of  its  boring  tip?  Do 
these  "  feeding  hairs "  extend  all  along  the  rootlet  as  it  increases  in 
length,  or  keep  always  about  the  same  width  just  behind  the  boring  tip.' 
If  the  tip  is  broken  from  a  rootlet,  what  happens?  Experiment  with  a 
sprouted  seed  by  allowing  it  to  lie  in  the  open  air  till  the  feeding  hairs 
shrivel,  discolor,  and  "  lie  down  *'  along  the  rootlet ;  will  it  recover  if 
put  back  in  the  moist  darkness  of  the  tester,  or  with  its  brother  seedlings 
in  the  flat? 

(5)  How  long  after  the  radicle  appears  before  the  first  blade  of  the 
young  plant  thrusts  upward  ?  Does  the  leaf  blade  come  forth  at  the  same 
part  of  the  seed  as  did  the  radicle?  Does  its  tip  push  forth  first  or  is  it 
coiled  or  doubled  in  any  way?  Does  it  pull  itself  out  of  the  seed-coat, 
leaving  it  in  the  earth,  or  does  it  lift  the  seed  out  of  the  soil?  About 
how  long  does  it  take  the  seed-leaf  to  release  its  tip  and  straighten  itself. 
Does  this  seed-leaf  or  cotyledon  continue  to  grow  or  docs  it  wither  an-a/ 
after  the  true  leaves  b^n  to  grow  ? 
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(6)  Where  do  the  true  leaves  grow  —  that  is,  does  each  one  appear 
on  the  outside  or  within  the  clasp  of  its  fellows?  Describe  their  struc- 
ture; are  they  round  or  flat,  solid  or  hollow,  thick  or  thin,  rough  or 
smooth  ?  Have  they  any  stems  ?  Are  the  veins  on  the  surface  arranged 
in  a  network  or  lengthwise? 

(7)  Pinch  a  leaf  hard,  from  its  tip  downward,  between  the  thumb  and 
finger.  Is  there  any  supply  of  juice  or  watery  substance  to  be  thus  forced 
out? 

(8)  Separate  the  layers  of  the  bulb.  Do  you  think,  from  their  sub- 
stance and  markings,  that  they  are  a  part  of  the  leaves  of  the  plant  or 
a  part  of  its  root  system  ?  Do  the  leaves  and  bulb  differ  much  in  taste  ? 
Which  has  the  milder  flavor?  Remove  the  thin  covering  on  a  layer  of  the 
bulb  and  study  the  surface  beneath. 

(9)  What  kind  of  root  has  the  onion?  Does  it  penetrate  deeply  into 
the  soil  or  spread  about  near  the  surface? 

(10)  For  what  purpose  was  the  plant  food  stored  away  that  is  con- 
tained in  the  bulb?  How  old  is  the  plant  when  it  produces  its  flowers 
and  seed? 

(11)  From  what  part  of  the  bulb  does  the  onion  flower  spring?  De- 
scribe the  stalk  which  uplifts  the  flower.  Is  it  taller  or  shorter  than  the 
leaves?  Is  it  of  uniform  thickness?  Does  it  bend  and  nod  or  is  it  stiff- 
ened with  woody  fibers  ? 

(12)  Where  do  the  flowers  spring  from  the  stem?  Describe  the  sheath 
or  spathe  that  is  wrapped  about  the  flower-bud.  Do  the  leaves  of  the 
spathe  persist  or  fall  away  as  the  flowers  open?  Are  the  flowers  in  the 
cluster  many  or  few  ?  Do  the  blossoms  open  all  at  once  or  in  succession  ? 
Do  those  at  top  or  bottom  open  first?  What  shape  is  the  fully  opened 
flower  head? 

(13)  Describe  the  individual  flower,  its  color  and  size;  the  number  of 
segments  in  the  perianth  or  outer  part;  the  number  of  stamens  and 
where  they  are  attached.  Do  the  anthers  or  pollen-boxes  open  inward 
toward  the  slender  pistil  in  the  center  or  toward  the  flower-cup?  What 
color  is  the  anther  and  its  pollen?  Have  the  flowers  any  fragrance  aside 
from  the  smell  of  onion? 

(14)  Does  the  fruiting  stalk  of  an  onion  ever  bear  anything  else  but 
flowers  and  seed  ?  Have  you  ever  seen  a  "  mixed  "  stalk  bearing  both 
bulblets  and  flowers? 

(15)  How  are  the  very  early  "bunch  onions"  usually  grown  which 
are  offered  in  the  markets  in  the  spring?  What  are  **  tops,"  "sets," 
and  "  potato"  or  "  multiplier  "  onions?  How  many  different  ways  are 
there  of  propagating  onion  plants? 
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(i6)     With  how  many  of  the  different  kinds  of  onion  are  you  ac- 
quainted?   What  are  shallots,  chives,  leeks,  garlic? 

Facts  for  teachers.  The  object  of  the  seed  tester  is  to  show  what  percent- 
ages of  the  seed  will  germinate;  if  only  60  per  cent  of  the  seeds  sprout,  it  is 
poor  seed.  When  germinated  in  a  tester,  kept  uniformly  warm  axMl  moist- 
onion  seeds  usually  show  the  tiny  white  dots  of  protruding  rootlets  in  five  or 
six  days,  but  they  are  much  slower  than  that  when  sown  in  a  flat  or  in  the 
soil  of  the  garden.  In  the  latter,  ten  or  twelve  days  or  even  two  weeks  mav 
elapse  before  the  wee,  thin,  doubled-up  blade  of  the  seed-leaf  appears,  some- 
times with  the  black  shell  of  the  seed  pn  its  back;  but  in  that  case  the  meat  of 
the  seed  is  still  in  the  ground  and  the  tip  of  the  bent-down  leaf  remains  attached 
to  it  till  all  the  stored  food  has  been  absorbed;  then  it  is  released  and  it 
straightens  up  but  grows  no  more,  as  it  is  only  the  cotyledon.  Before  it  is  fret 
the  next  leaf  which  is  to  carry  on  the  growth  will  have  started  Althoug': 
both  the  cotyledon  and  the  radicle  issue  from  the  same  point  at  the  sharp  angle 
of  the  seed,  the  little  rootlet  is  much  the  first  in  the  race.  The  moisture  causes 
the  seed  to  swell  until  its  case  is  too  small  to  hold  it  and  it  cracks  along  the 
angled  side;  then  a  glistening  white  thread  pushes  forth;  under  the  lens  it  i? 
seen  to  have  a  boring  tip  slightly  darker  and  harder  than  the  upper  part, —  2« 
though  a  speck  of  ivory  were  attached  to  it.  Back  of  the  ivory  tip  is  a  ring  of 
the  most  delicate  fuzzy  hairs.  These  are  the  "  feeders,"  they  absorb  the  pi  art 
food  which  is  dissolved  in  the  moisture  of  the  soil.  They  are  always  just  back 
of  the  boring  tip.  In  the  writer's  experiments  with  a  flat  of  seedlings,  ncn< 
recovered  when  the  rootlet's  tip  was  broken  off  or  its  root-hairs  allowed  :•. 
wither  and  it  then  returned  to  the  moist  soil. 

In  the  warmth  and  light  of  the  sunny  window,  only  two  or  three  days  after 
it  is  thrust  above  the  soil  are  required  for  the  seed-leaf  to  grow  to  its  full  leni:  '1 
and  release  its  tip;  but  outdoor  operations  are  slower.  All  of  the  Lily  FamiK 
are  Endogens,  which  means  "inside  growers,"  and  each  leaf  of  the  onion  com<.s 
from  the  heart  of  the  plant,  one  after  the  other,  pushing  its  fellows  outward  in  a 
surrounding  ring.  They  are  thick,  hollow,  smooth,  and  green,  with  veins  running 
lengthwise.  The  layers  of  the  growing  bulb  are  only  sections  of  the  leaf  swollen 
and  stuffed  with  plant  food  for  production  of  seed  in  the  coming  season,  for  the 
onion  is  a  biennial.    The  bulb  layers  are  milder  in  flavor  than  the  leaves. 

The  roots  grow  in  a  thick  tassel  at  the  base  of  the  bulb  and  in  good  soi! 
may  be  six  or  seven  inches  long,  each  one  probing  deep  for  food  and  moisture, 
for  the  onion,  although  it  demands  a  well-drained  soil,  doesn't  like  a  dry  one. 
The  hollow  leaf  keeps  a  little  store  of  moisture  always  ready  for  use,  as  can 
be  proved  by  stripping  or  pinching  it  hard  between  the  thumb  and  finger 

The  largest  and  most  perfectly  shaped  bulbs  ol  one  season  are  used  next 
year  for  seed  growing,  and  they  are  selected  and  preserved  very  carefully  for 
this  purpose,  for  in  onion  growing  "nothing  but  the  best  is  good  enough."  And 
an  onion  patch  in  bloom  is  a  beautiful  hight.  The  stem  is  tall  and  strai^t 
perfectly  round,  hollow,  swelling  gradually  just  below  its  middle  and  then 
tapering  to  its  top,  where  it  is  crowned  by  a  silvery  white  ^lobe  made  up  of  manjr 
single  flowers. 
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While  the  flower  head  is  in  the  bud,  it  is  enclosed  in, 
a  membraneous,  papery,  two- leaved  sheath  or  spathe  which 
falls  away  when  the  globular  umbel  of  flowers  has  opened. 
These  unfold,  the  upper  flowers  opening  first,  but  remain 
open  for  some  time.  The  flowers  are  clustered  so  thickly 
,  in  the  globe  that  their  own  slender  stems,  about  an  inch  or 
so  long,  are  almost  entirely  hidden.  The  pointed,  ovate 
segments  of  this  flower-cup  or  perianth  are  six  in  number; 
they  are  a  greenish  white  at  their  backs  but  have  a  silvery 
sheen  inside.  The  six  stamens  are  attached  one  at  the  base 
of  each  segment,  those  opposite  the  petals  having  broadened 
bases;  and  the  anthers,  which  are  yellowish  white,  have 
a  Onion "flowcV^mudT^en-  their  Opening  toward  the  threadlike  pistil.  One  can  smell 
LnT^'aiitlfcVT^/.^'^ame^te:  »  distinct  fragrance  from  the  flowers  aside  from  the  odor 
note  the  thrce-lobcd  ovary  of  onion.     The  seed  capsule  is  three-lobed  and  the  seeds 

at  the  center.  *^ 

it  contains  are  jet  black,  angular,  and  each  about  a  tenth 
of  an  inch  through  the  longest  diameter.  Onion  seed  deteriorates  greatly  with 
age  and  should  never  be  used  when  more  than  a  year  old. 

If  the  onions  planted  for  seed  were  "tops"  they  will  bear,  instead  of 
flowers,  a  bunch  of  tiny  onions,  each  one  having  an  enclosing  bract  at  its  base 
besides  the  large  two-leaved  spathe  which  wrapped  the  whole  bunch  while  they 
were  forming.  Often  there  will  be  "freak"  stems  bearing  both  flowers  and 
bulblets.  Except  when  "  tops "  are  grown  for  seed  they  are  always  pulled 
before  fruiting,  early  in  the  season  to  meet  the  market  demand  for  "young 
onions."  Still  earlier  than  "tops"  are  the  "bunch  onions"  obtained  by  plant- 
ing "sets,"  which  are  ordinary  onions  that  have  been  arrested  in  their  growth 
and  kept  through  the  winter.  This  is  done  by  sowing  seed  on  rather  poor  soil, 
late  and  very  thickly.  As  a  consequence  they  crowd  each  other,  cease  growing 
before  a  good  bulb  can  form,  and  are  very  small.  When  replanted  in  the 
spring  in  good  soil  with  plenty  of  room  they  make  an  astonishingly  rapid  growth 
and  are  soon-ready  for  the  early  market. 

"Multiplier"  or  "potato"  onions  are  compound  bulbs.  Instead  of  having 
a  single  heart  or  core  like  the  ordinary  onion,  each  bulb  may  have  two  to  half 
a  dozen  cores.  These  bulbels  should  be  separated  and  planted  singly,  for  if  left 
in  the  original  "  potato "  they  crowd  each  other  in  growing  like  "  sets."  When 
given  room  they  make  a  very  rapid  growth  and  are  soon  ready  for  pulling  to 
be  eaten  or  sold.  But  if  left  in  the  ground  through  the  season,  each  bulbel  will 
"multiply"  and  make  a  large  compound  bulb  like  the  one  from  which  it  came. 
Multipliers  also  send  up  fruiting  stalks  but  are  not  so  sure  to  bloom  as  the  other 
kinds  and  growers  do  not  desire  that  they  should,  so  they  usually  "nip  them  in 
the  bud,"  preferring  to  propagate  by  the  multiplying  bulbs. 

All  that  have  been  described  above  are  tender  biennials;  many  of  them  are 
unable  to  endure  the  winter  in  the  ground,  making  it  necessary  that  they  be 
carefully  harvested,  preserved  and  replanted  to  bring  them  to  maturity.  But 
there  are  perennial  onions.  One  of  these  is  the  cive  or  chive,  which  should  be 
more  commonly  grown.  It  has  flowers  of  rosy  purple  and  it  is  lovely  enough  for 
a  permanent  border  in  the  flower  garden.  It  is  small,  with  slim  green  leaves 
not  more  than  six  or  eight  inches  long,  and  the  base  scarcely  swells  into  a  bulb. 
It  is  grown>  for  its  leaves,  which  are  used  for  flavoring.    They  may  Jbe  gatheced 
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all   through   the    season    as   they   constantly    renew    themselves.      The  chive  is 
fii'opagated  usually  by  dividing  the  clumps  of  roots. 

Another  perennial  onion  is  the  leek,  the  cultivated  variety  of  which  »m 
brought  to  us  from  Europe.  It  is  grown  from  seed  and  both  leaves  and  boT' 
are  eaten.  Like  the  biennial  onions,  its  fruiting  stalk  does  not  rise  until  tb? 
second  year.  We  have  a  native,  wild  leek  which  grows  in  moist  woods,  and  ir 
of  excellent  flavor,  as  hungry  hunters  and  picnickers  can  testify.  The  leaf  of 
the  leek  is  not  hollow,  but  broad,  glossy,  and  keeled  like  a  boat.  Its  flower  is 
white. 

Garlic  also  has  flat  leaves,  keeled  like  those  of  the  leek  but  long  and  narr:* 
instead  of  broad.  The  leek  has  a  simple  bulb  but  the  garlic  is  compound  iis 
small  bulbs  breaking  up  into  many  smaller  ones  called  "  cloves."  It  seldcr. 
blooms,  but  when  it  does  the  flower  is  purple.  It  is  propagated  by  separati.7^^ 
and  planting  the  bulbels.  Being  perennial,  it  is  not  necessary  that  it  be  hanesu: 
with  the  same  care  as  other  "multipliers"  in  the  fall.  The  cultivated  garli: 
is  also  an  emigrant  from  Europe,  but  we  have  several  wild  varieties,  some  • : 
which  are  wood  dwellers  while  others  make  themselves  a  nuisance  in  meadoiu 
and  pastures.  Cows  will  not  touch  them  if  they  can  help  it,  but  when  the  leaves 
are  young  they  may  be  cropped  accidentally  with  mouth  fuls  of  grass. 

Still  another  multiplying  onion  is  the  shallot,  which  is  small,  with  awl-shapef 
leaves  and  an  umbel  of  pretty  lilac-colored  flowers.  It  is  a  native  of  Syria  a=l 
is  grown  for  its  "  cloves,"  as  the  separated  bulbels  are  called.  It  is  biennial.  Trj: 
shallots  are  seldom  seen  in  this  country,  although  the  smallest  and  sliminr^t 
*•  potatoes "  of  our  common  multipliers  are  often  sold  under  that  name. 

It  will  be  seen  that  there  are  many  kinds  of  onions  and  many  ways  of  growing 
them,  and  there  is  profit  in  them  all.  But  it  is  a  crop  requiring  constant  care  from 
the  selection  and  testing  of  the  seed,  its  sowing,  thinning  or  transplanting,  i'j 
clean  and  frequent  tillage,  to  the  careful  harvesting  and  drying  of  the  perfect 
bulbs.  With  good  soil,  good  seed,  good  cultivation,  and  good  care  in  harvestiog. 
an  acre  of  land  may  yield  four  hundred  to  eight  hundred  bushels,  and  crops  of  a 
thousand  bushels  to  the  acre  have  been  grown. 

LESSON  XXIII 

THE   ROBIN. 

Purpose, —  To  understand  all  we  can  about  the  life  and  ways  of  the 
robin,  this  commonest  bird  of  our  gardens. 

Methods. —  For  first  and  second  grades  this  work  may  be  done  by 
means  of  an  extra  blackboard,  or,  what  is  far  better,  sheets  of  ordinan 
buff  manila  wrapping  paper  fastened  together  at  the  upper  end,  so  that 
they  may  be  hung  and  turned  over  like  a  calendar.  On  the  outside 
page  make  a  picture  of  a  robin  in  colored  chalk  or  crayons,  coloring 
according  to  the  children's  answers  to  questions  of  series  "  b."  Devote 
each  page  to  one  series  of  questions,  as  given  below.  Do  not  show 
these  questions  to  the  pupils  until  the  time  is  ripe  for  the  observation>. 
Those  pupils  giving  accurate  answers  to  these  questions  should  havt 
their  names  on  a  roll  of  honor  on  the  last  page  of  the  chart. 

For  third  or  higher  grades  the  pupils  should  have  individual  note- 
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Bid  them  set  themselves  to  nesting,  cooing  love  in  softest  words, 
Crowd  their  nests,  all  cold  and  empty,  full  of  little  callon  birds. 
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books  in  which  each  one  may  write  his  own  answers  to  the  questions 
of  the  successive  series,  which  shall  be  written  on  the  blackboard  at 
proper  time  for  the  observations.  This  note-book  should  have  a  page 
about  6  by  §  inches  and  may  be  made  of  any  blank  paper.  The  cover 
or  first  pag^  should  show  the  picture  of  the  robin  colored  by  the  pufttl, 
and  may  contain  other  illustrative  draw^ings,  and  any  poems  or  other 
literature  pertinent  to  the  subject.  If  prizes  are  awarded  in  the  school, 
a  bird  took  should  be  given  as  award  for  the  best  note-book  in  the  class. 

Obscnratioiis  by  pupils.    Series  a  (to  be  given  in  March). 

( i*^    At  what  date  did  you  see  the  first  robin  this  year  ? 

(2)  Where  did  the  robin  spend  the  winter?  Did  it  build  a  nest  or 
sing  \\'hen  in  its  winter  quarters? 

(3)  What  does  it  find  to  eat  when  it  first  comes  in  the  spring?  How 
does  thisdifler  froai  its  (Ordinary  food? 

(4)  Does  the  robin  begin  to  sing  as  soon  as  it  comes  North? 
Series  b  (to  be  given  the  first  week  in  April). 

(i)     How  large  is  the  robin,  compared  with  the  English  sparrow? 

(2)  *^Vhat  is  the  color  of  the  beak?  The  -eye?  Around  and  above 
the  eye  ? 

(3)  The  color  of  the*  top  of  the  head?  The  back?  The  throat? 
The  breast  ? 

(4)  *  Do  all  the  robins  have  equally  bright  colors  on  head,  back  and 
breast  ? 

(5)  What  is  the  color  of  the  wing  feathers? 

(6)  What  is  the  color  of  the  tail  feathers?  Where  is  the  white  on 
them?  Can  the  white  spots  be  seen  except  during  flight  of  the  bird? 
Of  what  use  to  the  robin  are  these  spots? 

(7)  -  Is  there  white  on  the  underside  of  the  robin  as  it  flies  over 
'you  ?    AVhere  ? 

(8)  What  is  the  color  of  the  feet  and  legs? 
Series  c  (to  be  given  the  second  week  in  April). 

(i)  At' what  time  of  day  does  the  robin  sing?  Is  it  likely  to  sing 
before  a  rain?    How  many  different  songs  does  a  robin  sing? 

(2)  What  note  does  a  robin  give  "when  it  sees  a  cat? 

(3)  What  sounds  do  the  robins  make  when  they  see  a  crow  or  a 
hawk  ? 

(4)  Does  a  robin  run  or  walk  or  hop? 

(5)  I^  you  think  it  finds  the  hidden  earthworm  by  listening?  K 
so,  describe  the  act. 

(6)  Describe  how  a  robin  acts  as  it  pyiUs  a  big  earthworm  out  of 
the  ground. 

(7)  Do  robins  eat  other  food  than  earthworms? 

Series  d  (to  be  given  by  the  middle  of  ^?ri\y^,^^^^,^^QoO^\^ 
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(1)  At  what  date  did  your  pair  of  robins  begin  to  build  their  nest? 

(2)  Where  was  the  nest  placed   and  with  what  material   was  it 
begun? 

(3)  Can  you  tell  the  difference  in  colors  between  the  father  and 
mother  birds?    Do  both  parents  help  in  making  the  nest? 

(4)  How  and  with  what  material  is  the  plastering  done  ?  How  is  the 
nest  molded  into  shape?    Do  both  parents  do  this  part  of  the  work? 

(5)  Where  is  the  mud  obtained  and  how  is  it  carried  to  the  nest? 

(6)  How  is  the  nest  lined? 

Series  c  (to  be  given  a  week  after  series  d). 

(i)     What  is  the  number  and  color  of  the  eggs  in  the  nest? 

(2)  Do  both  parents  do  the  sitting?  Which  sits  on  the  nest  during 
the  night? 

(3)  Give  the  date  when  the  first  nestling  hatches. 

(4)  How  does  the  young  robin  look?  The  color  and  size  of  its 
beak?  Why  is  its  beak  so  large?  Can  it  see?  Is  it  covered  with 
down  ?  Compare  it  to  a  young  chick  and  describe  the  difference  between 
the  two. 

(5)  What  does  the  young  robin  do  if  it  feels  any  jar  against  the 
nest?    Why  does  it  do  this? 

(6)  Do  the  young  robins  make  any  noise? 

(7)  What  do  the  parents  feed  their  young?  Do  both  parents  feed 
them?    Are  the  young  fed  in  turns? 

(8)  Does  each  pair  of  robins  have  a  certain  territory  for  hunting 
worms  which  is  not  trespassed  upon  by  other  robins? 

Series  f  (to  be  given  three  days  after  series  e), 

(i)  How  long  after  hatching  before  the  young  robin's  eyes  are 
open?  Can  you  see  where  the  feathers  are  going  to  grow?  How  do 
the  young  feathers  look  ? 

(2)  How  long  after  hatching  before  the  young  birds  are  covered 
with  feathers? 

(3)  Do  their  wing  or  tail  feathers  come  first? 

(4)  How  is  the  nest  kept  clean? 

(5)  Give  the  date  when  the  young  robins  leave  the  nest.  How  do 
the  old  robins  act  at  this  important  crisis? 

(6)  Describe  the  young  robin's  flight.    Why  is  it  so  unsteady? 

(7)  How  do  the  young  robins  differ  in  colors  of  breast  from  the 
parents  ? 

(8)  Do  the  parents  stay  with  the  young  for  a  time?  What  care  do 
they  give  them  ? 

(9)  If  the  parents  raise  a  second  brood  do  they  use  the  same  nest? 
Series  g  (to  be  given  for  summer  reading  and  observations). 

(I)     Do  the  robins  sing  all  summer?    Why?         Digitized  by  GoOglc 
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(2)  Do  the  robins  take  your  berries  and  cherries?  How  can  yoo 
prevent  them  from  doing  this? 

(3)  How  does  the  robin  help  us? 

(4)  How  long  does  it  stay  with  us  in  the  fall  ? 

(5)  What  are  the  chief  enemies  of  the  robin  and  how  does  it  fight 
or  escape  them  ?    How  can  we  help  protect  it  ? 

(6)  Do  you  think  the  same  robins  come  back  to  us  each  year? 
Supplementary  reading. —  Nestlings  of  Forest  and  Marsh,  Wheelock. 

p.  62;  Our  Birds  and  Their  Nestlings,  Walker,  pp.  26,  37,  41.  42;  True 
Bird  Stories,  Miller,  pp.  37,  138;  The  Bird  Book,  Eckstrom,  p.  248; 
Familiar  Wild  Animals,  Lottridge;  The  History  of  the  Robins,  Trimmer; 
Field  Book  of  Wild  Birds  and  Their  Music,  Mathews,  p.  246:  Bird^ 
in  Their  Relation  to  Man,  Weed  and  Dearborn,  p.  90;  Songs  of  Nature, 
Burroughs,  p.  94 ;  Wake  Robin,  Burroughs ;  Audubon  Leaflet  No.  4. 

Facts  foK  Teachers. —  A  few  robins  occasionally  find  a  swamp  where  the>'  an 
obtain  food  to  nourish  them  during  the  northern  winter,  but  for  the  most  par. 
they  go  in  flocks  to  our  Southern  States,  where  they  srttle  in  swamps  and  ccia: 
forests  and  live  on  berries.  They  are  killed  in  great  numbers  by  the  native  hunt- 
ers, who  eat  them  or  sell  them  for  table  use,  a  performance  not  understanda*  .c 
to  the  northerner.  The  robins  do  not  nest  nor  sing  while  in  Southland,  and  n^ 
wonder!  When  the  robins  first  come  to  us  in  the  spring  they  feed  on  wild  ber- 
ries, being  especially  fond  of  those  of  the  Virginia  creeper.  As  soon  as  the  fr  st 
is  out  of  the  ground  they  begin  feeding  on  earthwoms,  white  grubs  and  other 
insects.    The  male  robins  come  first,  but  do  not  sing  until  their  mates  arrive. 

The  robin  is  ten  inches  long  and  the  English  sparrow  is  only  six  and  one-third 
inches  long.  The  pupils  should  get  the  sizes  ot  these  two  birds  fixed  in  their 
minds  for  comparison  in  measuring  other  birds.  The  father  rcbin  is  iruch  m'-rc 
decided  in  color  than  his  mate;  his  beak  is  yellow,  there  is  a  yellow  ri-rz  ab)Ut  tht 
eye  and  a  white  spot  above  it.  The  head  is  black  and  the  back  slaty -brown ;  the 
breast  is  brilliant  reddish  brown  or  bay  and  the  throat  is  white,  streaked  wrh 
black.  The  mother  bird  has  paler  back  and  breast  and  has  no  black  up'm  the 
head.  The  wings  of  both  are  a  little  darker  than  the  back,  the  tail  is  black  with 
the  two  outer  feathers  tipped  with  white.  These  white  spots  do  nrt  show  except 
when  the  bird  is  flying  and  are  "  call  colors,"  that  is,  they  enable  the  birds  to  see 
each  other  and  thus  keep  together  when  flying  in  flocks  during  the  night.  The 
white  patch  made  by  the  under  tail-coverts  serves  a  similar  purpose!  The  fe.'t 
and  legs  are  strong  and  dark  in  color. 

The  robin  has  many  sweet  songs  and  he  may  be  heard  in  the  earliest  dawn  ard 
also  in  the  evenings ;  if  he  wishes  to  cheer  his  mate  he  may  burst  into  song  at 
any  time.  He  feels  especially  songful  before  the  summer  showers  when  he  seems 
to  sing,  "I  have  a  theory,  a  theory,  its  going  to  rain."  And  he  might  well  say 
that  he  also  has  a  theory,  based  on  experience,  that  a  soaking  shower  will  drive 
many  of  the  worms  and  larvae  in  the  soil  up  to  the  surface  where  he  can  get 
them.  Besides  these  songs  the  robins  have  a  great  variety  of  notes  which  the 
female  shares,  although  she  is  not  a  singer.  The  agonizing,  angry  cries  they  utter 
when  they  see  a  cat  or  squirrel  must  express  their  feeling  fully;  while  they  give 
a  very  different  warning  note  when  they  see  a  crow  or  hawk,  a  note  hard  to  de- 
scribe, but  which  is  a  long,  not  very  loud  squeak. 

A  robin  can  run  or  hop  as  pleases  him  best,  and  it  is  interesting  to  sec  one, 
while  hunting  earthworms,  run  a  little  distance,  then  stop  to  bend  the  head  and 
listen  for  his  prey,  and  when  he  finally  seizes  the  earthworm  he  braces  himself  co 
his  strong  legs  and  tugs  manfully  until  he  sometimes  almost  falls  over  backward  as 
the  worm  lets  go  its  hold.  The  robins,  especially  at  nesting  time,  eat  many  insects 
as  well  as  earthworms. 
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The  beginning  of  a  robin's  nest  is  very  interesting.  Much  strong  grass,  fine 
straw,  leaves  and  rootlets  are  brought  and  placed  on  a  secure  support  When 
enough  of  this  material  is  collected  and  arranged,  the  bird  goes  to  the  nearest 
tnud  puddle  or  stream  margin  and  Rlls  its  beak  with  soft  mud  and  going  back 
"  peppers  "  it  into  the  nest  material,  and  after  the  latter  is  soaked  the  bird  gets 
into  it  and  molds  it  to  the  body  by  nestling  and  turning  around  and  around.  In 
one  case  which  the  author  watched,  the  mother  bird  did  this  part  of  the  building, 
although  the  father  worked  industriously  in  bringing  the  other  materials.  After 
the  nest  is  molded  but  not  yet  hardened,  it  is  lined  with  fine  grass  or  rootlets.  If 
the  season  is  very  dry  and  there  is  no  soft  mud  at  hand,  the  robins  can  build  with- 
out the  aid  of  this  plaster.  There  are  usually  four  eggs  laid  which  are  exquisite 
greenish  blue  in  color. 

Both  parents  share  the  monotonous  business  of  incubating,  and  in  the  instance 
under  the  eyes  of  the  author  the  mother  bird  was  on  the  nest  at  night.    The  period 
of   incubating  is  from  eleven  to  fourteen  days     The  most  noticeable  thing  about 
a    very  young  robin  is  its  wide,  yellow-margined  mouth,  which  it  opens  like  a 
satchel  every  time  the  nest  is  jarred.     This  wide  mouth   cannot  but   suggest  to 
anyone  that  it  is  meant  to  be  stuffed,  ajid  the    two    parents    work    very    hard 
to    fill  it.    Both  parents  feed  the  young  and  often  the   father  feeds  the  mother 
bird  while  she  is  brooding.     Professor  Treadwell  experimented  with  young  robins 
and  found  that  each  one  would  take  sixty-eight  earthworms  daily.    These  worms 
if  laid  end  to  end  would  measure  about  fourteen  feet.    Think  of  fourteen  feet  of 
#»arthworm  being  wound  into  the  little  being  in  the  nest ;  no  wonder  that  it  grows 
so    fast!    I  am  convinced  that  each  pair  of  robins  about  our  house  has  its  own 
special  territory  for  hunting  worms,  and  that  any  trespasser  is  quickly  driven  off. 
The  young  bird's  eyes  are  unsealed  when  they  are  from  six  to  eight  days  old,  and 
by  that  time  the  feather  tracts,  that  is,  the  place  where  the  feathers  are  to  grow, 
are  covered  by  the  spine-like  pin-feathers;  these  feathers  push  the  down  out  and 
it   often  clings  to  their  tips.    In  eleven  days  the  birds  are  fairly  well  feathered; 
their  wing   feathers   are   fairly  developed,  but  alas,  they  have  no    tail    feathers! 
When  a  young  robin  flies  from  the  nest  he  is  a  very  uncertain  and  tippy  young- 
ster not  having  any  tail  to  steer  him  while  flying,  nor    to    balance    him    when 
alighting. 
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A  field  of  onions  in  blossom. 


Digitized  by  VjOOQI^ 


PXXASE  Pbeserve  this  Leaflxt  as  the  Number  of  Copies  Printed  is  too  Small 
TO  Meet  the  Demand 

IHome  ligature* Stubs  Course 

Published  by  the  College  of  Agriculture  at  Cornell  University, 
in  Octobe  ,  December,  February,  and  April  and  entered  October 
x,  isoAf  at  Ithaca,  New  York,  as  second-class  Matter,  under 
Act  of  Congress  of  July  x6,  1894. 

By  ANNA  BOTSFORD  COMSTOCK 


New  Series,  Vol.  VII        ITHACA,  N.  Y.,  April-May,  191 1 


No.  4 


Photo,  by  Verne  Morton. 
Peach  blossoms 

ITHACA.  NEW  YORK 
NEW  YORK  STATE  COLLEGE  OF 

AGRICULTURE  AT  r^  1 

CORNELL  UNIVERSITY  Digitized  by  LjOOgle 


"  I  am  constantly  told,  also,  that  the  schools  are  already  overcrowded,  and  th\ 
new  subjects  cannot  he  added.  This  shows  a  lack  of  apprehension  as  to  what 
the  coming  education  is:  It  is  not  to  be  merely  "added  to"  present  "courses  of 
study,"  but  it  is  in  time  to  reorganise  courses  of  study  and  even  to  change  the  point 
of  view  on  education.  It  is  to  make  a  new  kind  of  school,  voith  new  methods  oj 
work,  new  programs,  and  the  formal  book  work  is  to  be  only  a  part  of  the  system. 
At  first,  it  will  be  a  process  of  adding  to  and  correlating  with,  as  at  present;  hut 
as  the  new  point  of  view  and  attitude  develop,  the  essentials  vtnll  assert  themsekcs 
and  the  schools  will  be  gradually  moulded  over.  Just  now  our  school  courses  are 
overcrowded,  and  new  subjects  are  always  being  pushed  in.  The  difficulty  is  tkat 
we  are  trying  to  engraft  the  new  pedagogical  ideas  on  the  old  system;  in  time 
the  old  system  will  go,  an  indigenous  system  will  take  its  place,  and  the  child  wH! 
be  allowed  to  develop  freely  and  naturally,  with  no  overworking. 

The  first  thing  needful  to  bring  about  the  newer  and  more  effective  education 
is  the  change  in  point  of  view, —  the  purpose  to  begin  the  educational  process  with 
what  is  near  the  child*s  life,  rather  than  with  what  is  remote.  The  second  is  better 
teachers,  and  these  can  be  had  as  soon  as  the  work  is  more  concrete,  the  pay  better. 
and  the  office-tenure  more  satisfactory.  The  third  is  better  equipment  in  the  wn) 
of  buildings,  grounds,  shops,  apparatus,  and  books.  The  fourth  is  to  utilise,  as  an 
adjunct  to  the  school,  whatever  enterprises  may  exist  in  the  community. 

In  equipment,  we  need  to  emphasize  the  value  of  land.  It  is  pitiable  to  see  hffs 
small  and  scant  are  the  bits  of  earth  that  surround  our  schoolhouses.  Even  in  the 
open  country  there  is  the  same  stint  of  land, —  still  another  illustration  of  the  hui 
of  any  vital  connection  between  the  school  and  the  life  of  the  community." 

"Again,  I  do  not  like  the  old  "  object  lesson  "  method,  when  applied  to  objectr 
that  are  a  part  of  the  normal  environment,  because  it  usually  takes  the  objects 
out  of  their  setting  and  thereby  destroys  their  meaning;  and,  moreover,  it  develops 
merely  the  observational  powers.  Of  course,  it  is  impossible  to  study  all  thesi 
objects  in  their  natural  places,  but  there  is  a  way  of  choosing  material  and  cj 
handling  it  that,  even  in  the  schoolroom,  will  show  its  relation  and  significance. 
As  the  emancipation  of  the  school  progresses,  more  and  more  of  a  certain  class  ot 
work  will  be  done  out  of  doors,  or  away  from  the  schoolhouse ;  but  for  the  time 
being  we  may  as  well  admit  that  outdoor  work  and  perfectly  natural  work  must  bt 
very  small  in  amount.  With  animals  and  plants,  I  should  begin,  as  far  as  pos- 
sible, with  function,  and  not  with  morphology  or  analysis.  Even  in  the  study  of 
leaves,  I  should  prefer  to  start  with  obvious  function, —  vnth  the  place  vihert 
leaves  are  found,  how  they  are  borne  with  reference  to  light,  when  they  fall  or  a 
hundred  other  simple  phenomena;  or  if  I  taught  them  wholly  indoors,  I  should  siw 
want  to  consider  them  as  living  things,  not  as  mere  "  objects;  "  in  fact,  I  scarcely 
know  why  I  should  teach  leaves  at  all  unless  they  are  a  part  of  a  plant.  Object- 
lesson  teaching  by  means  of  natural  objects  is  not  nature-study. 

L.  H.  BAILEY,  in  The  Outlook  to  Nature. 

The  Editor  wishes  to  acknowledge  with  gratitude  the  tireless,  painstaking,  an^ 
efficient  aid  given  by  Miss  Ada  Georgia  in  preparing  the  Home  Nature-Siud} 
Leaflets  during  the  past  five  years. 

The  lesson  on  the  "Earthworm,  in  this  issue,  was  prepared  as  a  class  exercise  in 
Nature-Study  at  Cornell  by  Miss  Catherine  Straith.  The  drawings  for  iai^^^  ^" 
this  issue  were  made  by  Miss  Anna  C.  Stryke. 
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ATURE  bred  and  developed  the  an- 
cestors of  our  garden  plants  in  the  field 
^or  forest,  on  the  dry  hillside,  or  in  the 
swamp  or  on  the  shore,  and  this  is  the 
reason  why  there  is  so  much  nature- 
study  in  the  garden.  However,  many 
of  the  plants  in  the  garden  do  not  find 
y  there  the  insects  on  which  they  depended 

jff^'" 'Rl^<^ iIm W       /^llW^ii/  ^^^  carrying  their  pollen  when  they  were 
^  r  filtaN  M.  ^WLk  'M  ^  M'jM/il^:^    ^jj J  plants.    And  in  many  instances  man 

has  bred  and  developed  flowers  into  un- 
natural forms  to  please  his  own 
fancy.  Thus  he  has  changed  stamens 
to  petals  and  made  double  flowers,  and 
has  played  many  other  tricks  upon  these  responsive  plants;  but  he  has 
always  used  nature's  machinery  to  accomplish  these  changes. 

The  bees  come  to  the  rescue  of  many  of  the  flowers  removed  from 
field  to  garden  and  thus  alienated  from  those  insects  which  formerly 
carried  their  pollen.  It  has  become  the  fashion  in  some  quarters  to 
undervalue  the  work  done  by  insects  for  flowers,  especially  for  the  garden 
flowers,  because  they  were  developed  and  adjusted  for  the  visiting  of 
certain  exotic  species  of  insects.  But  if  these  savants  would  spend  a 
few  days  following  the  bees  around  the  garden  they  would  discover 
that  the  adaptability  of  the  bees  is  almost  limitless,  and  they  might 
understand  how  these  insects  are,  with  man,  joint  heirs  to  the  earth, 
or  at  least  to  the  flowers  thereof. 

With  this  number  the  Home  Nature-Study  Leaflets  cease.  For  twelve 
years  they  have  been  used  and  have  done  their  work  for  nature-study 
in  the  State  of  New  York,  and  incidentally  in  many  other  States.  It  is 
with  regret  that  the  editor  loses  this  means  of  carrying  to  the  teachers 
in  our  public  schools  her  own  special  interests  in  nature-study,  but  there 
are  considerations  which  make  it  seem  best  to  discontinue  the  leaflets. 
Meanwhile  the  Rural  School  Leaflet  will  give  the  work  in  nature-study 
as  planned  for  each  year  in  the  Syllabus  issued  by  the  New  York  State 
Department  of  Education. 

To  all  of  the  many  friends  who  have  written  encouraging  messages, 
and  to  all  those  who  have  used  the  Home  Nature-Study  Leaflets  in  their 
work,  the  editor  extends  thanks  and  most  cordial  greetings.^  i 
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Lesson  XXIV 

THE  FRUIT  BLOSSOMS 

The  blossoms  of  all  our  common  fruit  trees  are  so  similar  that  one 
plan  for  observation  and  one  set  of  questions  will  do  for  all.  However, 
the  blossoms  of  each  kind  of  tree  will  call  for  different  answers  to  the 
questions. 

Observations, — i.  What  is  the  character  and  color  of  the  bark  of  the 
twigs  on  the  tree?  Is  it  smooth  or  rough?  What  is  its  color?  Can  you 
see  the  breathing  pores  or  lenticels  in  it?    How  does  a  tree  breathe? 

2.  Can  you  see  on  the  twig  that  part  which  grew  last  year  ?  Can  you 
see  that  which  grew  the  year  before,  and  the  year  before  that?  How 
are  these  periods  of  yearly  growth  marked? 

3.  W'hat  is  the  shape  of  the  bud?  Is  it  placed  at  the  top  of  the  twig 
or  along  the  sides?  Describe  the  bud-scales,  giving  their  size  and  color. 
Are  they  downy  or  shiny  ?    Are  they  gummy  ? 

4.  As  the  buds  expand,  do  the  bud-scales  enlarge?  Do  all  of  the 
bud-seal^  grow  larger  or  only  the  outer  ones? 

5.  Are  there  leaves  and  flowers  coming  from  the  same  bud?  How 
many?  Do  all  the  buds  have  leaves  and  flowers,  or  do  some  have  only 
leaves?  Are  the  flowers  borne  only  on  last  year's  wood?  Can  you  see 
the  scars  left  by  the  bud-scales  as  they  fall?  On  which  fruit  trees  do 
these  scars  mark  the  season's  growth? 

6.  In  the  blossoms  coming  from  one  bud  is  there  a  leaf  at  the  base  of 
each  flower  stem?  Are  the  new  leaves  woolly  or  shiny?  What  color 
are  they  ?    Do  they  all  have  a  pair  of  stipules  at  the  base  ? 

7.  Take  a  bud  alx>ut  to  open.  How  long  is  its  stem?  Describe  the 
cal>'x.  Is  it  composed  of  several  entirely  separate  sepals  or  aro  the 
sepals  joined  at  their  bases,  forming  a  calyx-cup?  How  many  sepals 
are  there? 

8.  As  the  blossoms  open,  what  becomes  of  the  sepals  or  calyx  lobes? 
Sketch  or  describe  the  open  blossom.  How  many  petals?  What  is  the 
shape  of  a  single  petal?  To  what  are  the  petals  attached?  In  looking 
into  the  open  flower,  what  do  you  see  between  the  bases  of  the  petals  ? 
W^at  figure  is  thus  formed  in  the  blossom  ?  Are  .the  petals  the  same 
color  outside  as  inside?  Are  they  the  same  color  in  the  bud  as  in  the 
blossom  ? 

9.  How  many  stamens  are  there  ?  Where  are  they  attached  to  the 
flower?  Are  they  all  the  same  length?  What  color  are  the  anthers? 
The  pollen  ?    The  filaments  ? 

10.  How  many  pistils  are  there?  If  more  than  one,  are  the  ovaries 
united?  Describe  the  stigma.  What  is  its  Color?  What  is  its  position 
in  relation  to  the  anthers?  Digitized  by  GoOqIc 
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11.  Do  the  fruit  blossoms  close  at  nigiit 
and  on  dark  days?  What  insects  do  vu 
see  working  on  the  fruit  bloom?  Of  what 
use  are  the  bees  to  the  fruit  trees? 

12.  After  the  petals  fall,  what  remains' 
Do  the  stamens  change  position?  \\'here 
is  the  part  of  the  flower  that  is  to  develop 
into  the  fruit?  What  happens  to  the  sepa!^ 
or  calyx?  Take  notes  on  your  fniii 
blossoms  once  a  week  for  a  month  and  de- 
scribe what  happens  to  the  growing  fniit. 

13.  Count  the  blossoms  on  a  branch.  Note  later  in  how  many  of 
these  blossoms  the  fruit  sets  and  how  many  of  the  ripe  fruits  finally 
develop  on  the  branch.  Do  you  know  what  would  happen  to  the  tree 
and  to  the  fruit  if  all  of  the  blossoms  developed  into  fruit  ? 


Cherry  blossom,  se,  sepals;  p, 
petals;  sta,  stamens;  o,  ovary; 
s,  style;  st,  stigma. 


FACTS  FOR  TEACHERS 


APPLE   BLOSSOMS 


The  bark  on  the  apple  twigs 
is  more  or  less  downy  on  the 
past  year's  growth.  During 
the  winter  the  buds  are  sharp, 
short  cones,  the  scales  being 
more  or  less  downy ;  they  later 
swell  until  almost  globular  and 
the  pale  green  leaves  begin  to 
show  at  their  tips.  As  soon  as 
the  buds  begin  to  swell  the 
bud-scales  take  on  a  warmer 
color  and  the  scales  increase  in 
size,  the  inner  ones  being  at 
least  twice  as  large  as  they 
were  during  the  winter.  As 
the  buds  open,  the  flower 
buds  may  be  seen  grouped  at 
the  center  with  the  little  woolly 
leaves  set  up  around  them,  like 
flannel  blankets,  and  each 
bud  is  a  five-sided  cone  with 
a  tapering  base,  very  woolly, 
pale  green,  and  soft.  As  the 
buds  open  the  scales  fall  off, 
each  one  leaving  its  mark.  It 
is   through   the   scars   of   the 
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fallen  scales  that  we  are  able  to  detect  the  end  of  a  year's  growth  on  the  apple  twig, 
and  thus  read  the  story  of  its  age.  The  scars  look  like  wrinkles  close  together  in 
a  circle  around  the  twig. 

There   is    a  difference  in  seasons  and  in  varieties  as  to  which  appear  first,  the 

blossoms  or  the  leaves,  but  usually  the  blossoms  come  first.    They  both  come  from 

the   same   winter  bud,  which  is  formed  on  the  tip  of  a  twig  or  spur.    There  are 

other  buds  which  produce  only  leaves.    The  apple  bud  is  a  beautiful  object,  with 

its    pink    folded  petals  clasped  within  the  opened,  recurving  lobes  of  the  calyx. 

The  calyx,  stem,  and  stipules  are  pale  green  and  downy.    We  speak  of  the  "  lobes 

oi   the  calyx "  instead  of  "  sepals  "  because  they  are  joined  at  the  base,  and  are 

not  separate,  as  is  the  case  with  the  sepals.    When  we  look  into  the  apple  blossom 

v/e  see  that  the  five  petals  are  oval,  cup-shaped,  and  with  a  narrow  stem  at  the 

base  which  permits  us  to  see  below  them  the  lobes  of  the  calyx  which  make  the 

pretty  five-pointed  star  in  the  center  of  the  flower.    As  the  flowers  age,  the  petals 

open  wider,  bending  backwards  to  reverse  the  cup.    The  petals  are  likely  to  be 

ribbed  from  the  stem  up,  resembling  the  petiole  and  veins  of  a  leaf.    The  edge  of 

the  petal  is  whole,  but  is  likely  to  be  wavy  and  in  folds,  quite  different  from  that 

of   the  pear  or  the  cherry.    The  petals  are  likely  to  be  pink  on  the  outside  and 

white   within.    They  also  fade  white  with   age.    The  pink  outside  of  the  petals 

gives  the  buds  their  beautiful  rose-color. 

The  many  stamens  are  pale  greenish  white,  tipped  with  pale  yellow  anthers. 
They  are  attached  in  ten  groups,  a  fact  not  easy  to  see.  The  five  pale  green 
styles  are  tipped  with  pale  green  stigmas,  and  the  ovaries  are  joined  at  the  base 
and  are  later  enveloped  by  the  calyx,  in  which  is  developed  the  pulp  of  the  apple. 
Each  one  of  these  pistils  becomes  one  of  the  five  cells  in  the  apple  core.  If  one 
of  the  stigmas  does  not  receive  pollen,  then  that  cell  in  the  apple  core  will  de- 
velop no  seeds.    This  often  makes  the  apple  lop-sided. 

When  the  petals  first  fall  the  calyx  lobes  are  spread  wide  apart,  but  later  they 
close  in  toward  the  center,  making  a  tube.    This  is  an  important  observation,  for 
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the  tir.'i^  t  •  s^ray   f.  r  c"«^!:ng  moth  is  before  the  calyx  l---h€ii   di'*?«. 
in;i>   be  s«tr.  i:.  an,,    n;*:  2pp!c  af  live  tittle  wrinkled  «cale«  ai  tie 
bl  •'>  m  <r»'! 

There  ma>  V-e  rV.r  '^r  six  or  more  bl'"«<S'>ins  from  ooe  winter  bocf.  -m-rr  2.-  -*- 
Ifa\es  »'.  :r.:':r^  :re^.  Talcing  cadi  twig^-dp  a  beaiidfiilhr  aiTa.-»pgd  aogae^     H 
e\tT,  TTiT^ly  rr.  r--  th;in  two  .-.f  :hese  blossctns  develop  into  fnat.  ^syi  ric  fnr 
much  U'trr  whn    •:  ly  ^  re  h!'.-f-  m  of  the  bancfa  prodoces  an  appve.     If  -±1  t 
f/«-ar*  t    .  rr.^iry  ap;  !<s  it  car.r..  :  perfect  them. 

The  h.   --  r->   ar.^f   fruit  are  always  at  the  end  of  Ae  twigs   as>d   «?cri   r- 
apple  and  do  n<^'t  gr.>w  a!org  the  brar.ches,  as  in  the  cherry  and  dlie  yar^ 
at  the  suie  a:  d  V!' .w  the  -pur  where  the  apple  is  borne  a  bad  is  <irv^r9<-d  -s : 
pushes  on  and  c  r.tir.ues  the  growth  of  the  twig;  and  this  i=  tain  win  hi  i  f: 
that  vkir.  bear  bl  -^^ms  the  1 /.I->wing  year. 


The  dezc'.npKcnt  of  the  pear  blossom  from  bud  to  jouug  fndt 

PEAR  BLOSSOMS 

The  bark  -f  the  pear  is  -hining  and  rather  smooth.  The  bods  arc  borne  a:  -' 
tips  of  th»-  twie-  or  spurs.  They  are  conical,  the  winter  scales  bcin|r  shhri-. 
br-\vn.  As  the  bio^s  -nis  open  the  lower  scales  are  poshed  oflf;  tbc  winter  sci' 
b»  'jin  to  siF'^'W  ar.'l  the  r.cw  growth  is  not  of  the  same  tcxtorc,  being  thinner  sr . 
parchr7T-nt-!ike.  The  part  that  was  the  winter  bod  remains  brown  and  shinLT 
'•l  the  tip:  ?.-  ihc  b!M>£  ,m-  grow  out,  the>-  enfold  the  growing  le:»ves  at  r'r 
ar«l  the'-,  s:  rr  wl  out  ar.d  fa!!  off:  within  them  the  leaves  are  rolle-i  tightly  kr:r*"- 
wise,  each  in  two  rolls.  Ore  of  these  tightly  rolled  leaves  is  not  thicker  thar  : 
darnir.tr  n^f-dle.  Elach  leaf  has  two  long,  narrow  stipoles  at  its  base.  It  '? 
vf-ry  intcre-tir.^  to  ste  the  leaves  tmroll  and  the  petiole  grow  long.  les'- 
in;:  \\.*:  -'ipu.f  s  lihir.d.     .\s  the  leaves  open  oot  they  are  satiny  and  shining. 

The  flower  s^ems  are  ver>'  stout  The  calyx  is  in  the  form  of  a  cop,  with  "•• 
\\v^.!!y  and  p  inted  lobe-.  When  the  blossoms  arc  opdX  these  lobes  are  yel!rw'fh 
when  s''.r.  from  al>'»ve.  and  just  fill  the  open  spaces  between  the  bases  oi  *J:^ 
pe:a!s,  mak:::ir  a  beautiful  five-pointed  star  at  the  heart  of  the  flower. 

The  j^t;^.!'  are  more  rounded  than  those  of  the  plom  and  Ac  cherry  and  ru'f 
a  tiny  st-  'n.  which  fastens  them  at  the  edge  of  the  calyx,  each  petal  being  .^ 
be*w'-  r.  :!".-    b'lscs  of  two  calyx  lobes. 

The  --VA-^j-r.^  are  set  on  the  rim  of  the  cahrx-cup,  the  ooter  ones  ripcning^  ^Tst, 
whi!e  thf  ir.rer  ores  remain  close  about  the  style.  WTicn  matore.  the  stamen?  are 
so  ur.'^iiril  ir  !•  ni/th  that  the  anthers  stand  up  evenly  in  the  flower.    There  arp^<^ 
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so  many  stamens  as  in  the  cherry  or  the  plum.  The  anthers  in  some  varieties  are 
beautiful  reddish  purple  and  in  others  are  yellow.  The  pollen  is  pale  yellow ;  th* 
filaments  are  white. 

There  are  five  pale  green  styles,  thread-like  in  form,  at  the  center  of  the  fiouer 
Each  is  tipped  with  a  pale  green  stigma.  The  five  ovaries  are  united  and  air 
joined  to  the  base  of  the  calyx-cup,  as  in  the  apple.  If  we  cut  away  one  side  « r 
the  ovary,  later,  we  can  see  the  little  pear  seeds  forming. 

After  the  sepals  are  shed,  the  calyx  lobes  close  over  the  stamens  and  the  styles, 
forming  the  blossom  end  of  the  fruit,  just  as  in  the  apple. 


FLUM  BLOSSOMS 

The  twigs  of  the  plum  are  dark  gray  and  very  much  wrinkled  from  the  scar* 
left  by  the  fallen  leaves  and  fruit.  The  blossoms  are  borne  on  the  last  j-ears 
wood  near  the  end  of  the  twig,  but  usually  with  several  leaf  buds  beyond  their 
so  that  the  tip  of  the  twig  consists  of  several  bunches  of  green  leaves.  The  Itzi 
buds  and  the  terminal  buds  are  long  and  cone-shaped;  the  flower  buds  are  some- 
what egg-shaped.  The  inner  bud-scales  are  long  and  pointed,  the  outer  onti 
broadly  triangular  in  outline.  The  flowers  occur  usually  in  pairs  from  the  sarrj 
bud.  There  is  a  leaf  with  each  flower  stem.  The  bud-scales  fall  off,  leaving  i 
little  green  bracket-like  ring  which  supports  the  flower  stems. 

There  are  five  lobes  to  the  calyx-cup.  These  lobes  or  sepals  are  much  smaller 
than  those  of  the  cherry.  The  petals  are  white  and  thicker  than  the  cherry  pcia'- 
and  have  the  tips  serrate  or  notched.  The  stamens  are  many  and  are  set  on  iht 
rim  of  the  calyx-cup.  The  filaments  are  white  and  the  anthers  are  yellow.  The 
ovary,  which  will  develop  the  plum,  is  situated,  like  that  of  the  cherry,  at  the 
bottom  of  the  cup.  The  style  is  somewhat  longer  than  the  stamens,  holding  the 
yellowish  stigma  out  beyond.  After  the  petals  drop,  the  calyx  lobes  do  not  turn 
back  as  do  those  of  the  cherry. 

PBACH    BLOSSOMS 

The  peach  twigs-  are  very  characteristic.  They  form  long,  slender  whips  with 
buds  arranged  along  each  side.  Their  color  is  a  warm  brown.  The  buds  arc 
scattered  along  the  twigs,  one  in  a  place,  and  on  the  last  year's  wood.  As  the 
blossoms  open,  the  winter  scales,  now  brown  or  gray,  remain  like  a  cup  at  the 
base  of  the  blossom.  Above  this  scaly  cup  rises  the  red-brown  calyx  developed 
into  five  roundish,  rather  deep  lobes  at  the  rim.  The  rich  red  color  of  the  calyx, 
with  its  green  tones,  adds  much  to  the  beauty  of  the  deep  pink  blossoms.  The 
calyx  is  rather  rough  in  texture. 

The  petals  are  cup-shaped,  five  in  number,  usually  a  little  darker  in  color  on 
the  outside  than  on  the  inside.  They  are  set  on  the  rim  of  the  calyx-cup  and 
each  petal  is  oval  and  pink,  being  darker  at  the  base  than  at  the  point.  Around 
the  rim  of  the  calyx-cup  the  stamens  stand  up  in  a  column,  incurved  at  the  tip 
around  the  style.  The  filaments  are  white  at  first  but  later  are  pinkish  purple. 
They  are  of  different  lengths.  The  anthers  are  yellow-brown  when  young  and 
pale  green  when  old.  The  stamens  bend  inward  from  the  rim  of  the  cup, 
then  flare  outward  again  and  remain  in  a  column,  incurved  at  the  tip,  around  the 
style  after  the  petals  have  fallen.  Down  in  the  bottom  of  the  calyx-cup  and  free 
from  it  is  the  little  fuzzy  ovary,  which  will  develop  into  the  peach.    From  H 
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extends  the   style,   which   is   longer   than   the   stamens,   tipped   with   a  yellowish 
stigrma.    The  lining  of  the  calyx-cup  is  orange. 

Beyond  the  flowers  at  the  tips  of  the  twigs  is  a  bud  which  produces  a  bunch 
of  leaves.  This  is  the  beginning  of  a  new  shoot.  There  arc  also  some  leaves  scat- 
tered along  the  branches. 

CHERRY   BLOSSOMS 

The  color  of  the  bark  on  the  twigs  of  the  cherry  is  very  characteristic.  It  is 
dark  gray  and  shining,  and  the  little  breathing  pores,  which  admit  the  air  to  the 
growing  part  of  the  tree,  are  very  noticeable.  The  cherry  twig  looks  very  dif- 
ferent from  that  of  the  apple  or  the  pear.  Along  it  are  many  short  branches  or 
spurs,  all  of  them  very  rough  from  scars  of  former,  buds.  Grouped  near  the 
end  of  the  twig  on  last  year's  wood  are  many  plump,  brown,  egg-shaped  buds,  each 
sitting  snugly  on  its  little  bracket.  The  bud  at  the  tip  of  the  twig  or  spur  is 
satiny  in  texture.  There  are  usually  three  or  four  blossoms  coming  from  one 
bud. 

The  bud-scales  are  small,  shining  brown,  and  as  the  growing  leaves  expand 
they  show  a  shining  green.  The  last  year's  wood,  on  which  the  buds  are  borne, 
is  golden  brown  and  is  well  marked  from  the  growth  of  the  year  before  by  the 
scars  left  by  the  leaves  and  fruit  of  last  year.  The  outside  of  the  bud-scales  is 
decidedly  gummy.  Both  leaves  and  flowers  come  from  the  same  bud,  and  the 
bud  at  the  tip  of  the  branch  produces  leaves  and  continues  the  growth  of  the 
twig.  There  are  other  buds  that  produce  only  leaves.  There  are  usually  three  or 
four  flowers  from  the  same  bud,  and,  since  the  buds  are  so  close  together,  the 
t"wigs  are  completely  covered  by  the  blossoms.  Before  the  blossom  opens  it  has 
a  long,  shining,  green  stem  with  a  shining  calyx-cup,  which  ends  in  five  sepal- 
like lobes.  The  calyx  lobes  extend  out  around  the  petals  at  first  but  later  they 
turn  back  and  hang  down  against  the  sides  of  the  calyx-cup. 

The  petals  are  white,  rounded,  cup-shaped,  and  are  pointed  at  the  bases  where 
they  are  set  on  the  rim  of  the  calyx-cup,  one  petal  between  each  two  of  the 
turned-back  sepals.  Thickened  veins  radiate  to  the  petal  from  the  point  where  it 
is  set  on  the  calyx.  The  stamens  are  many,  often  twenty-eight  or  thirty.  Their 
filaments  are  pure  white  and  the  anthers  are  pale  lemon-yellow;  as  they  mature, 
the  anthers  change  to  a  darker  color.  The  stamens  are  set  on  the  rim  of  the 
calyx-cup.  At  the  very  center  of  the  stamens  is  the  pistil.  The  ovary  is  dark 
green  and  shining,  and  placed  at  the  very  bottom  of  the  calyx-cup.  From  it 
reaches  out  the  long  and  pale  yellow  style  which  flares  into  a  stigma  that  extends 
out  as  far  as  the  anthers. 

After  the  petals  fall,  there  remains  the  calyx-cup,  with  its  five  lobes ;  and  set  on 
its  rim  still  remains  a  fringe  of  stamens,  and  at  its  center  the  pistil.  A  little 
later  the  calyx-cup  falls  off  and  then  the  ovary  of  the  pistil  shows  plainly  as  a 
little  green  cherry. 
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Lesson  XXV 

the  ph<ebe 

Purpose. —  To  lead  the  pupils  to   discover   for  themselves   tfiat  the 

pHoebe  loves  to  build   its  nest  near   streams  and  under  the  cover  of 

bridges,  sheds,  etc. ;  and  to  know  that  93  per  cent  of  its  food  consists  of 

insects,  most  of  them  injurious  to  man,  such  as  mosquitoes,  flies,  and 

click-beetles. 

Method. — As  early  as  the  middle  of  April  it  is  not  difficult  to  find 
where  a  pair  of  phoebes  are  planning  to  nest.  Let  the  pupils  individually, 
few  at  a  time,  make  the  observations.  The  phoebes  are  usually  so  tame 
that  they  will  allow  the  observers  to  approach  quite  near. 

Observations. —  i.  Where  was  the  phoebe  sitting  when  you  saw  it? 
Was  it  near  a  stream  or  a  pond? 

2.  Did  it  fly  off  its  perch  often  and  then  return  to  the  same  place? 
Why  did  it  do  this? 

3.  What  is  the  phoebe's  song?  Does  it  give  the  same  inflection  to  the 
two  notes  when  it  sings  **  phoe^be-phoebe  "  ?  How  does  its  tail  emphasize 
the  song?  Does  it  sing  while  on  the  wing?  Does  it  have  any  other  note 
than  "phoebe"? 

4.  How  can  you  tell  the  song  of  the  phoebe  from  the  '*  phoebe  note  "  of 
the  chickadee?  How  early  does  the  phoebe  come  to  us  in  the  spring? 
When  does  the  chickadee  sing  its  ''phoebe  note"?  Learn  to  whistle 
these  notes  of  the  two  birds. 

5.  Describe  the  shape  of  the  phoebe's  tail  and  the  gestures  the  bird 
makes  with  it.  How  can  you  tell  a  flycatcher  by  its  actions  from  all 
other  birds?  Do  you  know  any  other  birds  belonging  to  the  flycatcher 
family  ? 

6.  What  are  the  colors  of  the  phoebe :  head,  back,  wings,  throat,  breast, 
underparts?  Has  it  any  wing-*bars?  Can  you  tell  it  by  this  character 
from  the  wood  peewee?    Compare  the  phoebe  with  the  kingbird. 

7.  Where  do  the  phoebes  build  their  nests?  Of  what  material  is  the 
outside?  With  what  is  it  lined?  How  is  it  cemented  together?  How 
many  eggs  are  laid?  What  colors  do  they  show?  How  long  after  the 
first  eggs  are  laid  before  the  young  hatch  ? 

8.  Do  both  parents  feed  the  young?  How  many  broods  are  there? 
Does  the  phoebe  sing  all  summer  ? 

9.  What  is  the  food  of  the  phoebe  birds?  Why  should  we  encourage 
them  to  build  near  our  houses  and  in  barns  and  sheds?  Do  you  see 
them  still  catching  flies  at  dusk?  How  early  do  they  begin  working 
and  singing  in  the  morning? 
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lo.  Where  does  the  phoebe  go  in  the  winter  ?  Why  does  it  not  remain 
in  the  North  as  the  chickadee  does?  Do  you  think  the  same  pair  come 
back  each  year  to  nest  in  the  same  place?  How  can  they  find  their 
way  back  from  far  off  countries? 

Supplementary  reading. — Phoebes  and  Their  Cousins,  in  Nestlings  of 
Forest  and  Marsh,  Wheelock. 

Facts  for  teachers. —  This  friendly  bird,  which  builds  its  nest  on  the  piazza  or 
under  the  eaves,  or  on  the  rafters  of  shed  or  barn,  or  on  the  timbers  of  the  bridge 
over  the  stream,  is  the  most  familiar  to  us  of  all  the  flycatchers.  Its  insistent, 
dissyllabic  song  is  beloved  by  every  boy  and  girl  in  the  country,  and  is  listened 
to  with  much  more  pleasure  than  that  accorded  to  many  a  more  musical  warbler. 

The  phcebe  chooses  a  perch  that  is  free  from  leaves  and  other  obstructions.  It 
sits  erect,  with  crest  slightly  raised,  the  long,  slender,  notched  tail  drooping. 
When  not  in  use  as  an  organ  for  expressing  emotions,  the  tail  is  jerked  up  and 
down  spasmodically  to  signify  "  nothing  doing,"  or  it  is  used  as  a  baton  to  keep 
time  with  the  jerky  song.  Suddenly  the  bird  flies  out  into  the  air,  seizes  an  insect 
flying  unwarily  near,  and  returns  to  the  same  point  on  the  perch  with  a  satisfied 
flap  of  the  tail  as  if  to  say  "There!  Mister!  Tve  got  you!  "  This  peculiar  jerking 
of  the  tail  and  these  flights  into  the  air  and  return  to  the  perch  distinguish  all 
the  flycatchers. 

The  phoebe  alternates  the  inflections  of  its  song.  The  last  syljable  is  short  and 
emphasized,  and  gives  the  rising  inflection  once  and  then  the  falling  inflection. 

Jrj^  £/ 

Jld£f       J^^e         JLia 

Song  of  the  Phcebe. 

The  Phoebe  note 
of  the  Chickadee. 

Very  different  is  this  rather  jerky  song  from  the  long,  smooth  "  phoebe  note  "  of 
the  chickadee,  which  is  a  long,  rising  inflection  on  the  "  phoee  "  and  a  falling  in- 
flection on  the  "beee."  The  latter  is  really  a  much  more  musical  note  than  the 
phoebe's,  and  is  most  often  heard  in  February  and  March  before  the  phoebe  has 
returned  from  its  winter  trip  south.  The  phoebe,  being  a  flycatcher,  is  obliged 
to  live  in  places  the  year  round  where  flies  are  on  the  wing.  The  chickadee, 
living  on  insect  eggs  and  insects  in  their  various  wintering  conditions,  docs  not 
have  to  take  long  journeys  to  find  its  food. 

The  phoebes  do  not  return  in  the  spring  until  after  the  robins  and  bluebirds.  A 
pair  will  return  year  after  year  to  the  same  place  to  nest,  and  it  is  said  that  the 
old  pair  sometimes  have  to  drive  off  their  last  year's  young  ones  who  wish  also  to 
build  on  the  home  site.  The  nest  is  almost  always. situated  near  water,  especially 
under  bridges;  it  is  built  of  moss  and  lichens,  and  is  a  beautiful  compact  stnidure. 
I  have  seen  one  nest  built  of  straw  cemented  with  mud  and  lined  with  hair. 

The  eggs  are  pure  white.  Both  parents  work  hard  to  feed  the  young  anci  raise 
two  broods  each  summer.  They  often  use  the  same  nest  for  two  years  or  more, 
but  not  the  same  nest  for  the  two  broods  of  one  season  because  of  the  parasites 
which  swarm  in  the  nest.  In  color  the  phoebe  is  grayish  olive-brown  above,  W 
the  top  of  the  head  is  distinctly  darker.     The  wings  are  greenish  brown.  '^^ 
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under  parts  are  whitish,  washed  with  yellow.  The  outer  half  of  the  outer  tail 
feather  is  white,  except  at  the  tip.    The  tail  is  long.    The  bill  is  black. 

The  food  of  the  phoebe  is  93  per  cent  insects.  Most  of  these  are  flies,  moqui- 
toes,  moths  (in  New  England  the  brown-tail  and  gypsy  moths),  cutworms,  elm 
and  click-beetles.  The  phoebe's  work  about  barns  is  most  beneficent,  as  it 
devours  great  numbers  of  the  cattle  flies  and  horse  flies.  It  also  works  long 
hours,  beginning  in  the  dusk  of  dawn  and  continuing  until  the  dusk  of  evening, 
and  thus  gets  many  of  the  nocturnal  insects,  as  moths  and  mosquitoes.  It  builds 
its  nest  so  often  in  sheds  and  piazzas  that  it  is  of  importance  in  destroying 
insects  injurious  to  the  gardens.  It  is  for  our  interest  to  make  the  phoebes  as 
much  at  home  with  us  as  possible  and  to  protect  them  from  cats,  so  that  they 
will  return  to  us  year  after  year. 

The  other  common  flycatchers  are  the  kingbird,  which  is  distinguished  by 
having  the  tail  tipped  with  white,  and  the  wood  peewee,  which  has  two  white 
wing^   bars  and  sings  plaintively. 

Song  of  the   Wood  Pewee 


The  nest  of  the  wood  peewee  is  the  most  exquisite  little  edifice  in  all  bird 
architecture.  It  is  covered  with  lichens  and  is  so  smoothly  joined  to  the  branch 
on  which  it  rests  that  it  seems  a  part  of  it.  The  great-crested  flycatcher  is 
larger  than  the  phcebe  and  is  colored  quite  similarly,  except  that  it  is  sulfur 
yellow  on  the  under  side.  This  bird  has  a  strange  habit  of  draping  the  cast 
j-kin  of  a  snake  about  its  nest,  which  it  builds  in  a  hollow  branch.  Two  other 
flycatchers  have  this  strange  habit,  which  they  probably  inherited  from  some 
ancestral  bird  living  in  the  tropics,  and  which  found  the  method  useful  in 
protecting  its  eggs  from  monkeys  or  some  other  animal  afraid  of  snakes. 

/  quit  the  search,  and  sat  me  down 

Beside  the  brook,  irresolute, 

And  watched  a  little  bird  in  suit 
Of  sober  olive,  soft  and  brown. 

Perched  in  the  maple-branches,  mute: 
With  greenish  gold  its  vest  was  fringed. 
Its  tiny  cap  was  ebon-tinged, 
With  ivory  pale  its  wings  were  barred, 
And  its  dark  eyes  were  tender-starred, 
"Dear  bird,"  I  said,  "What  is  thy  name?" 
And  thrice  the  mournful  answer  came. 

So  faint  and  far,  and  yet  so  near, — 
"Pe-wee!  pe-wee!  peer!'' 

J.  T^itTROWBRl^Ogle 
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THE  EARTHWORM 


GARDEN  without  earthworms  is  un- 
thinkable. And  while  we  are  enjoying 
.the  beauty  of  our  gardens  we  should  ii'i 
forget  this  htunble  tiller  of  the  sni!. 
working  for  us  beneath  the  surface  of 
the  ground,  making  our  soil  more  mel- 
low, liming  it  for  us  without  charge,  and 
cultivating  it  without  wage. 

Purpose, —  To  call  the  children's  at- 
tention to  the  fact  that  the  earthwom 

,  ._  as  a  creature  of  the   soil   is  of  mucb 

— flU"-     -  "  "^  '  ?  — -^^— ^    economic  importance. 
^^^-^=='=^~-'^'^''^  - '^'^'^  Method. — ^Any  garden    furnishes 

abundant  material  for  the  study  of 
earthworms.  They  are  nocturnal  work- 
ers and  may  be  observed  by  lantern  light  To  form  some  estimate  of  the 
work  done  in  a  single  night,  remove  the  "  casts ''  from  a  square  yard  of 
earth  and  examine  that  piece  of  earth  the  next  night.  It  is  well  to  have 
a  terrarium  in  the '  schoolroom  for  frequent  observation.  Scatter  grass 
or  dead  leaves  on  top  of  the  soil  and  note  what  happens.  For  the  study  of 
the  individual  worm  and  his  movements,  each  pupil  should  have  a  worm 
with  some  earth  on  his  desk. 

Observations. —  i.  How  does  the  earthworm  crawl  ?  How  does  the 
turn  over  ?  Has  he  legs  ?  Compare  the  movement  with  that  of  a  snake 
another  legless  animal.-  What  special  provision  for  locomotion  has  the 
earthworm  ? 

2.  Compare  the  lengths  of  the  contracted  and  the  extended  body. 
How  is  the  difference  accounted  for? 

3.  Describe  the  body, —  its  shape  and  color,  above  and  below.  Ex- 
amine the  segments;  do  all  the  worms  have  the  same  number?  Com- 
pare the  head  end  with  the  tail  end  of  the  body.  Has  every  worm  a 
"saddle"  or  " clitellum  " ? 

4.  Does  the  earthworm  hear  easily?  Has  he  keen  sight?  Is  he 
sensible  to  smell  or  to  touch?    What  sense  is  most  strongly  developed? 

5.  Describe  the  home  of  the  earthworm.  Is  it  occupied  by  more  than 
one  worm?  How  long  does  it  take  a  worm  to  make  a  burrow?  How 
does  he  protect  his  home  ?  How  does  he  make  a  burrow  ?  In  what  kind 
of  soil  do  we  find  earthworms  at  work?  C" r\r\r^\o 
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6.  Is  the  earthworm  seen  most  often  at  night  or  by  day?  Where  is 
he  the  rest  of  the  time?  How  does  he  hold  to  his  burrow?  When  is 
the  tail  end  at  the  top?    When  the  head  end? 

7.  What  is  the  food  of  the  earthworm?    How  does  he  get  his  food? 

8.  Look  for  the  eggs  of  the  earthworm  about  manure  piles  or  under 
stones. 

9.  What  are  the  enemies  of  the  earthworm?  Is  he  an  enemy  to  man? 
Why? 

10.  The  earthworm  is  a  good  agriculturist.     Why? 

Facts  for  teachers. —  Although  not  generally  considered  attractive,  the  earth- 
worm has  an  important  place  in  nature-study  for  two  reasons:  He  furnishes 
an  interesting  example  of  lowly  organized  creatures,  and  is  of  great  economic 
•  importance  to  the  farmer.  The  lesson  should  have  special  reference  to  the  work 
done  by  earthworms  and  to  the  simplicity  of  the  tools  with  which  the  work  is 
done. 

The  earthworm  is,  among  the  lower  animals,  the  farmer  of  the  community. 
Long  before  man  conceived  the  idea  of  tilling  the  soil,  this  seemingly  insignificant 
creature  was  busily  at  work  plowing,  harrowing,  and  fertilizing  the  land.  Nor 
did  he  overlook  the  importance  of  drainage  and  the  addition  of  amendments, 
factors  of  comparatively  recent  development  in  the  management  of  the  soil  by 
man. 

Down  into  the  depths,  sometimes  as  far  as  seven  or  eight  feet,  goes  the  little 
plowman,  bringing  to  the  surface  the  subsoil,  just  as  a  careless  plowman  will  some- 
times do.  To  break  up  the  soil  as  our  harrows  do,  the  earthworm  grinds  it  in 
a  gizzard  stocked  with  grains  of  sand  or  fine  gravel  which  as  mill-stones. 
Thus  he  turns  out  soil  of  much  finer  texture  than  we  can  produce  by  harrowing 
or  raking.  In  his  stomach  lie  adds  the  lime  amendment  so  much  used  by  the 
modern  farmer.  The  earthworm  is  apparently  a  believer  in  the  use  of  fertilizers. 
Moreover,  he  shows  discrimination  in  keeping  the  organic  matter  near  the  surface 
where  it  may  be  incorporated  into  the  soil  of  the  root  zone.  He  drags  into  his 
burrow  dead  leaves,  flowers,  and  grasses  with  which  to  line  the  upper  part.  Bones 
of  dead  animals,  shells,  and  twigs  are  buried,  and,  in  a  more  or  less  decayed 
state,  furnish  food  for  plants.  These  minute  agriculturists  have  never  studied 
any  system  of  drainage  but  they  bore  holes  to  some  depth  which  carry  off  the 
surplus  water.  They  plant  seeds  by  covering  those  that  lie  on  the  ground  with 
soil  from  below  the  surface  —  good,  enriched,  well-granulated  soil  it  is,  too.  They 
care  for  the  growing  plants  by  cultivation,  keeping  the  soil  about  the  roots  fine 
and  granular. 

In  garden  soil  in  England  it  is  estimated  by  Darwin  that  there  are  more  than 
50,000  earthworms  in  an  acre,  and  that  the  whole  superficial  layer  of  vegetable 
mould  passes  through  their  bodies  in  the  course  of  every  few  years  at  the  rate 
of  eighteen  tons  per  acre  yearly. 

This  agricultural  work  of  the  earthworm  has  been  going  on  for  ages.  Wild 
land  owes  much  of  its  beauty  to  this  diminutive  creature  which  keeps  the  soil 
in  good  condition.  The  earthworm  has  undermined  and  buried  rocks,  changing 
greatly  the  aspect  of  the  landscape.  He  has  preserved  ruins  and  ancient  works 
of  art.  Several  Roman  villas  in  England  owe  their  preservation  to  the  earth- 
worm.    All  this  work   is   accomplished   with   the  most  primitive  tools  —  a  Uny 
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proboscis,  a  distensible  pharynx,  a  rather  indeterminate  tail,  a  gizzard,  and  the 
calcareous  glands  peculiar  to  this  lowly  creature. 

An  earthworm  has  a  peculiar,  crawling  movement.  Unlike  the  snake,  whid 
also  moves  without  legs,  he  has  no  scales  to  function  in  part  as  legs,  but  he  has 
a  very  special  provision  for  locomotion.  On  the  under  side  of  a  worm  are  found 
numerous  set<B — tiny,  bristlelike  projections.  These  will  be  seen  to  be  in  double 
rows  on  each  segment,  excepting  the  first  three  and  the  last.  The  sets  turn 
so  that  they  point  in  the  opposite  direction  from  which  the  worm  is  moving 
It  is  this  use  of  these  clinging  bristles,  together  with  strong  muscles,  which 
enables  a  worm  to  hold  tightly  to  his  burrow  when  bird  or  man  attempts  his 
removal. 

A  piece  of  round  elastic  furnishes  an  excellent  example  of  contraction  and 
extension  such  as  the  earthworm  exhibits.  Under  the  skin  of  the  worm  arc 
two  sets  of  muscles ;  the  outer  passing  in  circular  direction  around  the  body,  the 
inner  running  lengthwise.  The  movement  of  these  may  be  easily  seen  in  a  good- 
sized  living  specimen.  The  body  is  lengthened  by  the  contraction  of  drcuJar 
muscles  and  the  extension  of  longitudinal  muscles,  and  shortened  by  the  opposite 
movement.  The  number  of  segments  may  vary  with  the  age  of  the  worm.  In 
the  immature  worm,  the  cHtellum,  a  thick,  whitish  ring  near  the  end,  is  absent. 

The  laying  of  the  earthworm's  egg  is  an  interesting  performance.  A  sac-like 
ring  is  formed  about  the  body  in  the  region  of  the  clitellum.  This  girdle  is 
gradually  worked  forward  and,  as  it  is  cast  over  the  head,  the  sac  ends  snap 
together,  enclosing  the  eggs.  These  capsules,  yellowish  brown  and  football-shaped, 
about  the  size  of  a  grain  of  wheat,  may  be  found  about  manure  piles  or  under 
stones  in  May  or  June. 

Earthworms  are  completely  deaf,  although  sensitive  to  vibration.  They  have 
no  eyes  but  can  distinguish  between  light  and  darkness.  The  power  of  smell 
is  feeble.    The  sense  of  taste  is  well  developed.    The  sense  of  touch  is  very  acute. 

Any  garden  furnishes  good  examples  of  the  home  of  the  earthworm.  The 
burrows  are  made  straight  down  at  first,  then  wind  about  irregularly.  Usually 
they  are  about  one  and  one-half  or  two  feet  deep,  but  may  be  even  eight  feet. 
The  burrow  terminates  generally  in  an  enlargement  where  one  or  several  worms 
pass  the  winter.  Toward  the  surface,  the  burrow  is  lined  with  a  thin  layer  of 
fine,  dark-colored  earth  voided  by  the  worm.  This  creature  is  an  excavator  and 
builder  of  no  mean  ability.  The  towerlike  "castings,"  so  characteristic  of  the 
earthworm,  are  formed  with  excreted  earth.  Using  the  tail  as  a  trowel,  he  places 
the  undigested  bits  of  soil  now  on  one  side  and  now  on  the  other.  In  this  work, 
of  course,  the  tail  protrudes.  In  the  search  for  food,  the  head  end  is  out  A 
worm,  then,  must  plan  his  home,  narrow  as  it  is,  with  a  view  to  being  able  to 
turn  in  it. 

An  earthworm  will  bury  himself  in  loose  earth  in  two  or  three  minutes,  and 
in  compact  soil,  in  fifteen  minutes.  Pupils  should  be  able  to  make  these  observa- 
tions easily  either  in  the  terrarium  or  in  the  garden. 

In  plugging  the  mouths  of  their  burrows,  the  earthworms  show  wonderful  in- 
telligence. Triangular  leaves  are  invariably  drawn  in  by  the  apex,  pine  needles 
by  the  common  base,  the  manner  varying  with  the  shape  of  the  leaf.  Earth- 
worms do  not  drag  in  a  leaf  by  the  stem  unless  its  basal  part  is  as  narrow  as 
the  apex.    The  mouth  of  the  burrow  may  be  lined  with  leaves  for  several  inches. 

The  burrows  are  not  found  in  dry  ground  or  in  loose  sand.  The  earthworm 
lives  in  the  finer,  moderately  wet  soils.  He  must  have  moistufe  since  he  breathes 
through  the  skin.      He  has  sufficient  knowledge  of   soil  texture  and  plaitiatT 
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to  recognize  the  futility  of  attempts  at  burrow-building  with  unmanageable  large 
Strains    of    sand. 

These  creatures  are  nocturnal,  rarely  appearing  by  day  unless  "  drowned  out " 
of  the  burrows.  During  the  day  they  lie  near  the  surface,  extended  at  full  length, 
the  head  uppermost.  Here  they  are  discovered  by  keen-eyed  birds  and  sacrificed 
by  thousands,  notwithstanding  the  strong  muscular  protest  of  which  they  are 
capable. 

Seemingly   conscious   of   his  inability  to   find  the  way   back  to  his   home,   an 
•  earth-worm  anchors  tight  by  his  tail  while  stretching  his  elastic  length  in  a  forag- 
ing  expedition.    He  is  an  omnivorous  creature,  including  in  his  diet  earth,  leaves, 
flowers,    raw   meat,    fat,   and   even   showing   cannibalistic   designs    on   his    fellow 
earth>vorms.     In  the  schoolroom  earthworms  may  be  fed  on  pieces  of  lettuce  or 
cabbage  leaves.     A   feeding  worm  will  show  the  proboscis,  an  extension  of  the 
upper  lip  used  to  push  food  into  the  mouth.    The  earthworm  has  no  hard  jaws 
or    teeth,  yet   he   eats  through  hard  soil.     Inside   the  mouth   opening   is  a  very 
muscular  pharynx  which  can  be  extended  or  withdrawn.     Applied  to  the  surface 
of   any  small  object  it  acts  as  a  suction  pump,  drawing  in  the  food.    The  earth 
taken   in  furnishes  some  organic  matter  for  food.     The  remainder  has  added  to 
it  calcareous  matter  before  being  voided.     This  process  is  unique  among  animals. 
Generally  the  earth  is  swallowed  at  some  distance  below  the  surface,  and  finally 
ejected  in  characteristic  "castings."    Thus  the  soil  is  slowly  worked  over  and  kept 
in    good  condition  by  earthworms,  of  which  Darwin  says :  "  It  may  be  doubted 
whether  there  are  many  other  animals  which  have  played  so  important  a  part  in 
the  history  of  the  world  as  have  these  lowly  organized  creatures." 


Lesson  XXVII 

THE  COLUMBINE 

Purpose. — To  lead  the  children  to  watch  these  blossoms  from  the  bud 
to  the  seed,  and  to  note  especially  the  insects  which  visit  them  and  how 
they  become  dusted  with  pollen. 

Method, — The  form  of  the  flower  may  be  studied  in  the  schoolroom, 
but  the  observations  on  its  changes  from  day  to  day  and  the  actions 
of  the  insect  visitors  should  be  made  in  the  garden  or  the  field. 

Observations, — i.  The  columbine  flower  has  five  horns  of  plenty;  with 
what  are  they  filled  ?  What  parts  of  the  flower  form  these  nectar  horns  ? 
What  is  their  shape?  What  is  their  color  outside  and  inside?  Are  the 
cornucopias  held  right  side  up  or  wrong  side  up?  Why  does  not  the 
nectar  flow  out? 

2.  Where  are  the  sepals?  What  is  their  color?  How  are  they 
placed  in  relation  to  the  petals? 

3.  Study  a  flower  bud.  How  do  the  petals  look  in  the  bud  ?  Describe 
the  sepals.  What  is  the  general  shape  of  the  bud?  What  is  its  color? 
Does  its  color  change  as  the  flower  gets  ready  to  open?  Describe  the 
opening  of  the  flower.  r  r^n^nAo 
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Photo,    by  Cyrus  Crosby 


The  columbine 


4.  Eamine  a  freshly  opened  flower.  Where  are  the  stamens?  How 
many  are  there?    Notice  their  shape.    In  what  form  are  they  arranged: 

5.  Describe  the  anthers.  How  are  the  anthers  held  ud  by  their  fila- 
ments ? 

6.  Do  you  see  a  tassel  of  threads  hanging  below  the  stiginas?  What 
are  these  threads?  Examine  a  flower  and  find  the  ovaries  w-here  the 
seeds  are  being  developed.  Are  these  threads  attached  to  the  ovaries'' 
If  so,  they  must  be  the  styles.  Can  you  ^ee  the  roughened  tips  of  the 
styles,  which  are  the  stigmas? 

7.  Observe  this  same  flower  for  a  day  or  two.  What  happens  to  the 
stamens  when  the  anthers  open  and  'jive  out  the  pollen  ?  What  happens 
to  them  after  the  pollen  is  discharged?  How  do  the  anthers  look  after 
Tiey  have  lost  their  pollen? 

8.  Observe  a  bee  working  on  a  columbine.  To  what  does  she  clin^ 
wliile  probing  for  nectar?  Where  does  she  become  dusted  with  pollen' 
If  she  flies  to  another  flower,  is  she  likely  to  carry  the  pollen  to  its 
stigmas? 
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Q.  Can  the  honey-bees  or  bumblebees  reach  to  the  very  tip  of  the 
nectar  horns?  Do  you  suppose  they  get  the  overflow  of  nectar?  jJo 
tliey  ever  cut  the  nectary  open  and  steal  the  nectar? 

10.  Do  you  think  that  nectar  stored  in  such  a  long  tube  is  adapted  to 
tHe  needs  of  a  bee?  What  insects  have  tongues  long  enough  to  reach 
tine   nectar? 

11.  Do  you  ever  see  hummingbirds  around  the  columbine?  ♦How 
would  a  hummingbird  or  a  moth  carry  pollen  from  flower  to  flower? 
Where  would  it  become  dusted  with  the  pollen? 

12.  Describe  or  sketch  a  seed  capsule.  How  many  parts  to  it?  How 
does  it  open? 

13.  What  sort  of  leaves  has  the  columbine?  Do  they  come  from  the 
root  or  from  the  flower  stems  ?  Are  the  upper  leaves  like  the  lower  ones  ? 

14.  How  many  kinds  of  columbine  do  you  know?  Where  do  we  find 
the  wild  columbine  growing?  What  is  it  called?  The  word  columbine 
is  derived  from  columba,  which  means  a  dove.  Why  should  it  be  named 
after  a  dove? 


Facts  for  teachers. —  The  columbine  has  an  ancestry  which  deserves  a  coat  of 
arms,  for  it  has  been  the  favored  flower  in  the  gardens  of  England  for  centuries. 
It  grows  wild  in  England,  but  was  transplanted  to  the  garden,  and  our  Pilgrim" 
fathers  brought  the  seed  of  this  English  flower  with  them,  not  knowing  that 
America  had  a  beautiful  columbine  of  its  own. 

The  columbine  has  five  .  . 

petals  made   into   cornu-  U&*??. 

copias  and  has  its  nectar 
stored  in  little  pockets 
at  their  very  tips.  The 
columbines  hang  their 
horns  of  plenty  with  the 
opening  down,  and  un- 
doubtedly the  nectar 
flows  down  within  reach 
of  the  eager  tongues  of 
the  bees.  Between  each 
two  of  the  cornucopias 
is  a  sepal,  which  is  the 
same  color  as  the  petals 
and  adds  to  the  beauty 
of  the  color  of  the  flower, 
as  well  as  to  its  form. 
Hanging  down  below  the 
flower  are  the  stamens.  The  unripe  anthers  are  fat,  yellow,  and  globular.  Below 
the  stamens  are  the  five  styles,  each  ending  in  an  almost  imperceptible  stigma 
which  seems  simply  a  little  roughening  at  the  end  of  the  thread.  Each  style  leads 
back  to  an  ovary  filled  with  immature  seed. 

If  we  take  a  blossom  that  is  just  open  we  find  the  plump  little  anthers  set 
in  an  inverted  pyramid;  each  anther  has  a  short  filament,  which  curls  up  at  t|^ 
tip  and  thus  holds  tht  anther  up.     But  as  soon  as  the  pollen  is  ripe,  presto!  & 
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change !     Each  filament  elongates,  straightens  out,  and  the   opening  anther  hangs 
down  below  its  unopened  comrades,  but  not  so  far  down  as  the  stigmas. 

If  we  watch  a  bee  visiting  the  flower  we  find  that  she  clings  to 'this  tassel  oi 
stigmas  and  opening  anthers  while  she  reaches  her  inadequate  tongue  up  ioto 
the  nectar  horns.  She  thus  becomes  dusted  with  the  pollen  on  the  lower  side  of 
her  body  and  it  is  in  such  a  position  that  she  is  sure  to  dust  it  upon  the  stigmi 
tassel  of  the  next  flower  she  visits.  Each  day  a  few  more  stamens  straighier. 
down  and  the  anthers  open  along  each  side  and  then  turn  inside  out,  and  after 
the  pollen  is  shed,  they  hang  withering  close  around  the  five  styles.  Finally,  after 
the  last  anther  has  given  out  its  pollen,  the  flower  withers. 

However  a  flower  with  such  long  nectar  horns  was  never  meant  for  regaling 
bees,  but  for  some  long-tongued  insects  like  the  butterflies,  which  often  visit  these 
flowers ;  or  perhaps  the  sphinx  moths  may  find  these  nectar  wells  fitted  to  thf ir 
long  tongues.  The  hummingbirds  also  find  these  flowers  attractive.  Since  the 
hummingbirds  probe  for  nectar  while  suspended  on  very  rapidly  moving  wnngN 
they  tip  the  flower  this  way  and  that,  making  the  tassels  of  stigmas  and  anthers 
discharge  their  pollen  against  their  throats,  and  thus  they  carry  the  pollen  h-a^ 
to  other  flowers. 

But  the  bees  believe  that  the  nectar  was  made  for  their  delectation  and  they 
have,  therefore,  taken  possession  of  flowers  meant  for  other  insects  to  probe. 
The  honey-bees  and  bumblebees  effect  the  poUenation  of  the  columbine  very  sue 
cessfully,  clinging  to  the  tassels  as  they  probe;  but  the  little  solitary  bees.  I 
fear,  do  not  repay  their  flower  hostess  for  their  refreshment  by  carr>dng  poller. 
since  they  are  so  small  that  they  creep  into  the  cornucopias  without  neccssarih 
touching  the  pollen.  And  there  are  the  rascally  bumblebees,  which  have  learned 
to  cut  the  nectar  sac  and  thus  burglarize  the  helpless  flower. 

The  columbine  buds  are  at  first  all  green,  and  are 
little  five-lobed  inconspicuous  objects.  As  they  gro* 
they  begin  to  take  on  the  color  of  the  flower,  and  the 
story  ot  the  change  from  bud  to  full-blown  flower  is  ar. 
interesting  one  to  watch. 

Some  of  the  leaves  come  from  the  root  and  some  grow 
akernately    on    the    flower-stem.     The    lower   leaves  are 
three-lobed  and  the  lobes  are  lobed;  but  the  upper  leaves 
are  simply  bracts  at  the  bases  of  the  flower  pedicels. 
The  seed  capsule  has  five  pockets  and  is  veo'  prefO- 
The  dove  in  the  Each  pocket  opens  near  the  tip  to  let  the  seeds  out. 

columbine  blossom  '^^^^^  *^«  ^^^^^^^  varieties  of  columbine  in  the  gardens: 

the  blue,  purple,  lavender,  yellow,  pink,  and  white  are  tii.^ 
most  common  varieties.  It  is  because  one  petal  and  two  sepals  of  the  white  colum- 
bine are  thought  to  look  like  a  dove  that  this  flower  received  its  name.  Our  wild 
species  is  red  and  yellow  and  is  a  vivid  and  attractive  flower.  It  is  called  the  wild 
honeysuckle,  although  it  is  not  a  true  honeysuckle 
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THE   SNAPDRAGON 


Purpose. — ^To  induce  the  children  to  look   into  the   mouth  of   this 
dragon  of  yOur  garden  and  find  what  is  interesting  there. 

Method, —  The  form 
of  the  flower  may  be 
studied  in  the  school- 
room, a  single  stalk  of 
the  snapdragon  being 
sufficient  to  show  the 
flowers  in  all  stages. 
However,  the  actions  of 
the  bees  in  visiting  the 
flower  can  be  seen  best 
in  the  gardens,  and  the 
children  may  be  able  to 
make  their  own  individ- 
ual observations  as  to 
the  relations  between 
the  insects  and  the 
flower.  If  the  snap- 
dragon is  not  at  hand, 
the  lesson  can  be  given 
o  n  butter-and-eggs  or 
toad  flax,  which  is  very 
similar  in  form. 

Observations. — i.  How 
are  the  snapdragon 
flowers  arranged  on  the 
main  stem? 

2.  Which  flowers  blos- 
som first, —  those  below 
or  those  at  the  tip  of  the  stem? 

3.  Describe  a  very  young  bud.  How  is  the  leaf  changed  at  the  place 
where  the  bud  stem  joins  the  main  stem?  How  long  a  stem  has  the 
bud?    How  many  sepals  has  it?     Is  the  stem  smooth  or  fuzzy? 

4.  How  are  the  petals  of  the  flower  folded  in  the  bud?  Describe 
how  the  flower  unfolds  as  the  bud  opens.  What  part  opens  first?  What 
last? 


The  snapdragon 
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5.  Describe  the  flower.  What  is  the  shape  of  the  tube  of  the  corolla? 
Does  it  seem  stiff  or  soft?  How  does  the  flower  resemble  a  dragon's 
mouth?    Describe  the  upper  Up. 

6.  Open  the  mouth.  What  is  the  lower  side  of  the  mouth  like? 
What  is  in  the  roof  of  the  mouth? 

7.  How  many  stamens  do  you  find?  How  do  the  anthers  lie  about 
the  stigma?  Open  a  flower  and  describe  how  the  filaments  are  fastened 
at  their  bases. 

8.  Describe  the  stigma.  Describe  the  shape  of  the  style.  Where  dcjt^ 
it  lie  in  the  flower  ?    Describe  the  ovary  or  seed-box. 

9   Where  is  the  nectar  gland  ? 

10.  Watch  a  bee  that  is  gathering  nectar  on  the  snapdragon.  Ho\\ 
does  she  alight  on  the  flower?  How  does  she  pry  the  dragon's  mouth 
open?  Watch  a  bee  crawling  down  the  dragon's  throat  and  describe 
where  she  becomes  dusted  with  pollen.  When  probing  for  the  nectar. 
does  she  work  the  stamen  machinery  so  that  the  anthers  are  pushed 
down  to  cover  her  back  with  pollen?  How  is  the  stigma  pushed  down 
so  as  to  cc«ne  in  contact  with  the  pollen? 

11.  How  does  the  growing  fruit  look  when  the  corolla  falls  off? 


t«.  ..f* 
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Facts  for  teachers. —  No  other  flower  seems  so  compktely  shut  up  as  the  snap- 
dragon bud  before  it  is  ready  to  open.  It  is  surely  the  most  close-fisted  looking 
flower  in  the  garden.  It  is  easy  enough  to  see  how  this  plant  gained  its  name. 
for  if  ever  a  flower  resembled  a  pair  of  jaws,  this  does.  There  is  an  upper 
lip  and  a  lower  lip.  The  mouth  can  be  pulled  open,  revealing  a  gullet  that  lead* 
to  nowhere  except  to  some  nectar,  by  way  of  some  powdery  anthers. 

When  the  flower  begins  to 
open,  the  upper,  two-lobed 
lip  begins  to  uncurl  from  irs 
'  position  over  the  lower  lip  an! 
I  to  curl  back  and  upward.  This 
reveals  the  lower,  three-Iobed 
lip  with  its  middle  lobe  thru>t 
up  into  the  cavity  of  the  upper 
lip,  like  a  tongue  lifted  to  the 
roof  of  the  mouth  \Mien  the 
lower  blossoms  are  fully  ^^' 
pandcd,  there  lies  above  them 
a  series  of  buds  in  every  stage. 
and  each  is  held  in  a  shelierinp 
and  protecting  bract,  like  the  long  bract  which  cradles  the  pussy  willow.  Thi? 
bract  is  covered  with  sticky,  white  hairs,  as  are  also  the  stem  and  the  sepals. 

In  the  mature  flower  the  corolla  tube  is  irregular,  stiff,  and  has  a  nectar  sbc 
in  the  form  of  a  little  bag  on  the  lower  side  at  its  bas.e.  The  lower  jaw  of  the 
dragon  is  hinged  and  can  be  ptdled  down.  This  is  a  very  convenient  arrangement 
for  the  bee  that  alights  on  it  and  by  her  own  weight  is  thus  able  to  Qp«  ^' 


Flower  of  snapdragon  with  the  parts  named 
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ciragon*s  mouth.  At  the  middle  of  the  roof  of  the  mouth,  extending  along  the 
corolla  tube,  is  the  stii^  style,  which  ends  just  back  of  th«  upper  lobe  in  a  short, 
curved  stigma.  In  front  of  the  stigma  lie  two  anthers  close  together,  and  just 
behind  it  two  more  anthers  are  joined.  The  anthers  mature  before  the  stigma 
is  ready  for  pollen.  The  filaments  extend  stiffly  down  the  tube  and  are  braced 
at  the  bottom  on  each  side  of  the  nectar  sac,  so  that  the  bee  when  probing  for 
nectar  wabbles  the  slamens  and  pushes  the  anthers  down  upon  her  back;  and 
the  stigma  is  likewise  pushed  down.  There  is  a  beard  in  the  lower  part  of  the 
mouth,  a  bit  of  plush,  which,  if  the  bees  fail  to  bring  pollen  from  other  flowers, 
may  preserve  some  of  the  flower's  own  pollen  until  its  stigma  is  ripe. 

It  is  very  interesting  to  watch  a  bee  working  the  mechanism  of  the  snapdragon. 
It  is  arranged  so  that  she  cannot  possibly  get  in  and  out  without  getting  her  back 
dusted  with  pollen  in  just  the  right  place,  so  that  the  ripe  stigma  of  the  nexi 
flower  she  visits  will  be  able  to  scrape  some  off  while  she  is  probing  for  the 
abundant  nectar. 

"  Grandmother's  garden  was  brave  to  see. 

Gorgeous  with  old-time  plants  and  b.ooms. 
All  too  common  and  cheap  ta  be 

Grown  in  modern  parterres  and  rooms; 
Old  traditional  herbs  and  flowers, 

Some  for  pleasure  and  some  for  need. 
Gifted,  haply,  with  wondrous  powers, — 

Root,  or  petal,  or  bark,  or  seed. 


"  Brilliant  asters  their  prim  heads  tossed; 

Dark  blue  monkshood  and  hollyhocks 
Smiling  fearless  at  autumn's  frost. 

Waved  and  nodded  along  the  walks; 
Love-lies-bleeding  forever  drooped; 

Disks  of  sunflowers,  bright  and  broad. 
Watched  like  sentries;  and  fennel  stooped 

Over  immortal  Aaron's-rod, 

**  Comfrey  dropping  its  waxen  flowers, 

Purple  gooseberries,  over-ripe, — 
Lady-grass  that  I  searched  for  hours. 

Vainly  trying  to  match  a  stripe, — 
Pansies,  bordering  all  the  beds. 

Ladies/'  delights  for  the  children's  sake. 
Poppies  nodding  their  sleepy  heads, 

And  yellow  marigolds  wide  awake." 

EUZABETH   AkERS. 
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Lesson  XXIX 


IRIS,  OR  fleur-de-lis 

Purpose. — To  lead  the  pupils  to  notice  that  the  iris  flowers  have  each 
three  side  doors  leading  to  the  nectar  wells ;  and  that  the  bees  in  order 
to  get  the  nectar  must  carry  the  pollen  dust  on  their  backs. 

Method. — Bring  flower-de-luce  or  iris  to  the  schoolroom,  where  the 
form  of  the  flowers  may  be  studied.  The  pupils  should  watch  the  visit- 
ing insects  in  the  garden. 

Observations. — i.  I^ook  for  the  side  doors  of  the  iris  blossom.  Which 
part  of  the  flower  forms  the  doorstep?  How  is  it  marked  to  show  the 
way  in?    Which  part  of  the  flower  makes  the  arch  above  the  door? 

2.  Find  the  anther  and  describe  how  it  is  placed.  Can  you  see  two 
nectar  wells?  Explain  how  a  bee  will  become  dusted  with  pollen  while 
getting  the  nectar. 

3.  Where  is  the  stigma?  What  is  there  very  peculiar  about  the  styles 
of  the  iris  ?  Can  a  bee,  when  backing  out  from  the  side  door,  dust  the 
stigma  with  the  pollen  it  has  just  swept  off?  Why?  Does  the  stigma 
of  the  next  flower  that  the  bee  visits  get  some  of  the  pollen  from  iff 
back  ?    How  ? 
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4.  Look  sttaight  down  into  an  iris  flower.  Can  you  see  the  three 
petals?  How  are  they  marked?  How  would  these  lines  on  the  petals 
mislead  any  insect  that  was  searching  for  nectar? 

5.  Watch  the  insects  visiting  the  iris.  Do  you  know  what  they  are? 
What  do  they  do? 

6.  Describe  the  way  the  iris  flower  bud  is  enfolded  in  bracts.  What 
is  there  peculiar  about  the  way  the  iris  leaves  join  the  stem? 

7.  How  many  species  of  wild  iris  do  you  know?  Where  are  they 
found  ? 


iiylc 


Facts   for  .  teachers. —  The    iris 

blossom  has  a  strange  appearance 

because    its    parts    are    not    just 

what  they  seem  to  be.  The 
styles  of  the  pistil  are  so  broad 
that  they  look  like  petals,  and  they 
have  formed  a  conspiracy  with 
the  sepals  to  make  a  tunnel  for 
bees  and  have  left  the  petals  out 
of  the  plan  entirely.  The  sepals 
rise  to  the  occasion  far  more  than 
do  the  petals ;  the  latter  stand  up, 
lonely,  between  three  strangely 
matched  pairs,  and  all  they  accom- 
plish by  their  purple  veins  is 
basely  to  deceive  the  butterflies, 
skippers,  and  insects  that  are  in 
the  habit  of  looking  for  nectar  at 
the  center  of  a  flower.  If  we  look 
directly  down  into  the  flower  of 
the  iris,  we  see  ridges  on  th<* 
broad  styles  and  purple  veins  on 
the  petals,  all  pointing  plainly  to 
the  center  of  the  flower;  and  any 
insect  alighting  there  would  naturally  seek  for  nectar  wells  where  all  these  lines  so 
plainly  lead.  But  there  is  an  "April  Fool"  for  the  insects  which  trust  to  these 
guides,  for  there  is  no  nectar  to  be  had  there.  Dr.  Needham,  in  his  admirable 
study  of  the  blue  flag  and  its  visitors  (American  Naturalist,  May,  1900),  tells  us 
that  he  has  seen  the  little  butterflies,  the  skippers,  the  flag  weevils,  and  the  flower 
beetles,  all  made  victims  of  this  deceptive  appearence.  This  is  evidence  that  the 
nectar  guide-lines  on  flowers  are  seen  and  followed  by  insects. 

The  iris  is  made  for  bees;  the  butterflies  and  beetles  are  interlopers  and 
thieves  at  best.  The  bees  are  never  deceived  into  seeking  the  nectar  in  the  wrong 
place.  They  know  to  a  certainty  that  the  sepal  with  its  purple  and  yellow  tip 
and  many  guide-lines,  far  from  the  center  of  the  flower,  is  the  sure  path  to  the 
nectar.  A  bee  alights  on  the  lip  of  the  sepal,  presses  forward,  scraping  her  back 
against  the  down-hanging  stigma,  then  scrapes  along  the  open  anther  which  lies 
along  the  roof  of  the  tunnel,  and  then  finally  finds  there  a  pair  of  guide-lines 
leading  to  a  nectar  well  at  the  very  base  of  the  sepal.    The  bees  that  Dr.  Needhaj^ 


I.  Side  view  of  a  part  of  the  flower  of  the  iris 
2.  Iris  flower  with  parts  named 
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fotind  doing  the  greatest  work  as  pollen  carriers  for  the  blue  flag  were  small, 
solitary  bees  (CUsodom  terminalis  and  Osmia  destructa).  Each  of  these  alighted 
with  precision  on  the  threshold  of  the  side  door,  pushed  its  way  in,  got  the  necar 
from  both  wells,  came  out  and  sought  another  side-door  speedily.  One  might  aik 
why  the  bee  in  coming  out  should  not  deposit  the  pollen  from  the  anther  :r. 
the  flower's  own  stigma.  The  stigma  avoids  this  by  han^ngr  down,  like  a  flap  t: 
a  tent,  above  the  entrance,  and  its  surface  for  receiving  pollen  is  directed  s^?  tfcit 
it  gathers  pollen  from  the  entering  bee  and  turns  its  back  to  the  bee  that  is  :u5t 
making  its  exit. 

The  arrangement  of  the  flower  parts  of  the  iris  are  briefly  these :  Three  petal?, 
three  sepals,  and  three  styles,  which  are  broad  and  flat  and  cover  the  ba^e-  ::' 
the  three  sepals,  making  tubes  which  lead  to  the  nectar;  and  three  anthers  Wr:.: 
along  the  under  side  of  the  styles.  The  wild  yellow  iris  is  especially  futed  ij" 
welcoming  the  bumblebee  as  a  pollen  carrier,  since  the  door  between  the  srie 
and  the  sepal  is  large  enough  to  admit  this  larger  insect.  The  bumblebees  slc 
the  honey-bees  work  in  the  different  varieties  of  iris  in  gardens. 


Beautiful  lily,  dwelling  by  still  rivers 

Or  solitary  mere, 
Or  where  the  sluggish  meadow  brook  delivers 

Its  waters  to  the  weir  I 


Thou  laughest  at  the  mill,  the  whirr  and  worry. 

Of  spindle  and  of  loom, 
And  the  great  wheel  that  toils  amid  the  hurry 

And  rushing  of  the  flume. 

The  wind  blows,  and  uplifts  thy  drooping  banner. 

And  round  thee  throng  and  run 
The  rushes,  the  green  yeomen  of  thy  manor. 

The  outlaws  of  the  sun. 

The  burnished  dragon-fly  is  thine  attendant, 

And  tilts  against  the  field. 
And  down  the  listed  sunbeams  rides  resplendent 

With  steel-blue  mail  and  shield. 

From  "  Flower-de-luce," 

By  Henry  W.  Longfellow. 
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Lesson  XXX 
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THE    bleeding    HEART 

Purpose. — To  call  the  attention  of  the  pupil  to  the  fact  that  the  bleed- 
ing heart  flower  has  its  pollen  and  stigma  covered  by  a  double  swing- 
door  which  the  bees  push  back  and  forth  when  they  gather  the  nectar. 

Method. — Bring  a  bouquet  of  the  bleeding  heart  to  the  schoolroom 
and  let  each  pupil  have  a  stem  with  its  flowers  in  all  stages.  From  this 
study,  encourage  them  to  watch  these  flowers  when  the  insects  are  visit- 
ing them. 

Ohservations.^-i.  How  are  these  flowers  supported?  Do  they  open 
upward  or  downward?     Can  you  see  the  tiny  sepals? 

2.  I  low  many  petals  can  you  see  in  this  flower?  What  is  the  shape 
of  the  two  outer  petals?  How  do  they  open?  Where  is  the  nectar 
developed  in  these  petals?    What  is  their  position  in  the  bud? 

3.  Take  ofT  the  two  outer  petals  and  study  the  two  inner  ones.  What 
is  their  shape  near  the  base?  How  are  their  parts  shaped  which  pro- 
ject beyond  the  outer  petals?  What  does  the  spoon  end  of  these 
petals  cover?    Describe  the  hinge  in  these  petals? 

4.  Where  are  the  stamens?  How  many  are  there?  Describe  the 
shape  of  the  stamens  near  the  base.    How  are  they  united  at  the  tip? 

5.  Where  is  the  stigma?    The  style?    The  ovary?    Describe  them. 

6.  Suppose  a  bee  is  after  the  nectar;  *vhere  must  she  rest  while 
probing  for  it?  Can  she  get  the  nectar  without  pushing  against  the 
flat  projecting  part  of  the  inner  petals?  When  she  pushes  these  spoon- 
bowls  back,  what  happens?  Does  she  become  dusted  w^ith  pollen? 
After  she  leaves,  does  the  door  swing  back?  Suppose  she  visits  an- 
other flower  which  has  shed  its  pollen ;  will  she  carry  pollen  to  its 
stigma  ?    Does  she  have  to  work  the  hinged  door  tc^i^^eJtfe^iC^OOQlc 


1 144  Home  Nature- Study  Course 


The  bleeding   heart 

T.  Bleeding  heart  with  swing-door  open.    2.  Side  view  of  flower.    3.  Flower  with 

the  outside  petals  removed 

Pacts  for  teachers. —  For  the  intricate  structure  of  this  type  of  flower  the 
bleeding  heart  is  much  more  easily  studied  than  its  smaller  wild  sisters,  the 
Dutchman's  breeches  or  the  Squirrel  corn.  It  is  well,  therefore,  to  study  the  bleed- 
ing heart  in  September  when  we  find  it  in  profusion  in  our  gardens,  and  the  next 
spring  stifdy  the  wildwood  species  more  understandingly. 

The  flowers  of  the  bleeding  heart  are  beautiful  jewel-like  pendants  arranged 
along  the  stem  according  to  their  age  —  the  flower  that  sheds  its  petals  near  the  base 
of  the  stem,  while  the  tiny,  unopened  bud  is  hung  at  the  very  tip  where  new  buds 
are  being  formed  during  the  entire  season.  This  flower  has  a  strange  modification 
of  its  petals:  The  two  pink  outer  ones  which  make  the  heart  are  really  little 
pitchers  with  nectar  at  their  bottoms;  and  although  they  hang  mouth  douTiwards 
the  nectar  does  not  flow  out.  When  these  outer  petals  are  removed,  we  can  see 
the  inner  pair  placed  opposite  to  them,  the  two  close  together  and  facing  each 
other  like  two  grooved  ladles;  and  just  at  the  mouth  of  the  pitchers,  these  inner 
petals  are  almost  divided  crosswise,  and  the  parts  that  extend  beyond  are  spoon- 
shaped  like  the  bowls  of  two  spoons  that  have  been  pinched  out  so  as  to  make  a 
wide  flat  ridge  along  their  centers.  These  spoon  bowls  unite  at  the  tip,  and 
between  them  they  clasp  the  anthers  and  the  stigma.  Thus  the  parts  hidden  by 
the  outer  petals  are  flattened  and  set  in  a  plane  at  right  angles  to  their  plane. 
Special  attention  should  be  given  to  the  division  between  the  two  parts  of  these 
inner  petals,  for  it  is  a  hinge,  the  workings  of  which  are  of  much  importance 
to  the  flower.  On  removing  the  outer  petals  we  find  a  strange  framework,  around 
which  the  heart-shaped  part  of  the  flower  seems  to  be  modelled.  This  frame- 
work is  made  up  of  the  stamens  grouped  in  threes  on  each  side.  The  two  outer 
ones  of  each  group  are  widened  into  frills  on  the  outer  edge,  while  the  central 
one  is  stiffcr  and  narrower.  At  the  mouth  of  the  pitchers  all  these  filaments 
unite  in  a  tube  around  the  style;  near  the  stigma  they  split  apart  into  six  shorf, 
white,  threadlike  filaments,  each  bearing  a  small  brilliant  yellow  anther.  So  close 
together  are  these  anthers  that  they  are  completely  covered  by  the  spoon-bowls 
made  by  the  inner  petals,  the  pollen*  mass  being  flat  and  disc-like.  During  the 
period  when  the  pollen  is  produced,  the  stigma  is  flat  and  immature;  after  the 
pollen  is  shed  it  becomes  rounded  into  lobes  ready  to  receive  pollen  from  other 
flowers. 

Although    the    description    of   the   plant   of   this   flower   is   most    complex  and 
elaborate,  the  workings  of  the  flower  are  more  simple.    Since  the  nectar  pitchers 
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hangr  ^vith  the  mouth  down,  the  bee  must  cling  to  the  flower  while  probing  upward. 
In  doings  this  she  invariably  pushes  against  the  open  part  of  the  spoon-bowls  and 
the  hinge  at  the  base  allows  her  to  push  them  back  while  the  mass  of  pollen  is 
thrust  against  her  body.  As  this  hinge  works  both  ways,  she  receives  the  pollen 
first  on  one  side  and  then  on  the  other,  as  she  probes  the  nectar  pitchers.  Perhaps 
the  next  flower  she  visits  will  have  shed  its  pollen,  and  the  swing-door  will 
uncover  the  ripe  stigma  ready  to  receive  the  pollen  she  brings. 

The  sepals  are  two  little  scales  opposite  the  bases  of  the  outer  petals  and  fall 
of¥  early.  Before  the  flower  opens  the  ears  of  the  nectar  pitchers  are  clamped 
up  on  either  side  of  the  spoon-bowls  as  if  to  keep  everything  safe  until  the 
right  moment  comes;  at  first,  these  ears  simply  spread  apart  but  later  they  curve 
baclcward.     The  seed-pod  is  long  and  narrow. 


THE   COUNTRY   SCHOOL 

L.  i/.  Bailey 

There  certainly  will  come  a  day 
As  men  become  simple  and  wise, 

When  schools  will  put  their  books  away 
Till  they  train  the  hands  and  the  eyes ; 

Then  the  school  from  its  heart  will  say 
In  love  of  the  winds  and  the  skies : 


I  teach , 
The  earth  and  soil 
To  them  that  toil, 
Ttie  hill  and  fen 
To  common  men 
That  live  just  here; 

The  plants  that  grow, 
The  winds  that  blow, 
The  streams  that  run 
In  rain  and  sun 

Throughout  the  year; 


The  shop  and  mart. 
The  craft  and  art, 
The  men  to-day, 
The  part  they  play 
In  humble  sphere; 

And  then  I  lead 
Thro'  wood  and  mead 
By  bench  and  rod 
Out  unto  God 
With  love  and  cheer, 
I  teach. 
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